
OXFORD MEDICAL OUTLINE SERIES 


NEURO-ANATOMY 


WALTER R SPOFFORD, BS, PhD 

INSTRUCTOR IN ANATOMY, \ ANDERBILT UNIVERSITY MEDICAL SCHOOL, 
NASHVILLE, TENN 





OXFORD UNIVERSITY PRESS 

LONDON LEW \ORK TORONTO 


This is TroB, 

Tothan BooR Depot, EOUBAY, 12 


Copvkiciit, 1942, ur Oxford University Press New York, Inc 


PRINTED IN THE tNITED STVTIS OF AUttlU 



PREFACE 


In few other fields of medicine is a detailed knowledge of anatomy 
more necessary than in neurology With the present rapid strides in 
neurophysiology, a thorough understanding of neuro-anatomy is in- 
creasingly important This book attempts, in condensed oudine form, 
to present the basic anatomy of the nervous s) stem with which the 
practising ph) sician must be familiar to properly interpret the sy mp- 
tomology of nervous disease 

As an outline, it is hoped it wall aid the beginning student to be- 
come oriented in his study of more extensive source books and jour- 
nals By its use as a review, perhaps the advanced student may re- 
acquamt himself more easily with the anatomical bad ground of his 
ph) siological and clinical studies In this latter sense, if the general 
practitioner also finds it of value, the author will be well satisfied 

In bringing together in this outline recently ascertained facts with 
those long established, the author has striven for accuracy, and it is 
hoped that such brief outline form has not bred mis-statement Since 
controversial issues and conflicting data ha\e been of necessity 
omitted, some findings of considerable interest may have received 
less than deserved attention 

In the outline’s preparauon, the student’s difficulties in properl) 
organizing the vast array of factual data with which he is con 
fronted, have been borne constantl) in mind 


Vanderbilt University 
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I 


neuro-anatomy 


L THE NERVOUS SYSTEM includes all of the nervous tissue of 
the bod), the nerves and peripheral plexuses as well as brain and 
spinal cord It is an irritable sjstera composed of an 
A. Afferent Division, subserved b) sensor) organs and endings, 
responsive to stimuli 

B Integrative Division, which marshals the extent and disposition 
of nervous response 

C. Efferent Division, which innervates the muscles and glands. 

n CLASSIFICATION 
A. Peripheral Nervous System. 

1 The Spinal Nerves include thirtj-one pairs, relauvel) uni- 
form Their segmental arrangement (w hich is partiall) ob- 
scured b) brachial and lumbosacral plexuses) is more ob- 
vious in cutaneous than in muscular distribution They 
consist of 

a Dorsal afferent root and ganglion 

b Ventral efferent root 

c. Common mixed trunk 

d. Dorsal and ventral pnmar) rami 

e. Muscular and cutaneous branches 

f Each trunk has a gray ramus commumcans and the 
first thoracic through the second lumbar trunks have 
white rami, communicating with the sympathetic 
ganglia 

2. The Cranial Nerves consist of twelve pairs, of diverse types 
and with obscure segmentation The) include nerves of 
special sense and to branchial arch muscles as w ell as gen- 
eral components 

3 Autonomic Nervous System. Consists of a paired and an 
unpaired senes of ganglia as well as integral parts of cranio- 
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NEURO ANATOMY 

spinal nerves and central nervous system- It is the efferent 
sjstem to smooth muscle, cardiac muscle, and glands 
a. Sympathetic division Consists of the paravertebral 
ganglionic chains, the prevertebral ganglia, and the ef- 
ferent components of the white and gray rami commu 
mcantes wherever distributed in central and peripheral 
nervous systems 
b Parasympathetic division. 

(1) Cranial outflow Consists of the general visceral 
efferent component of the vagus nerve with all its 
terminal ganglia m thoracic and abdominal viscera, 
as well as four paired cranial ganglia associated 
with components of other cranial nerves 

(2) Sacral outflow’ The pelvic visceral nerve with its 
terminal ganglia 

4 The Visceral Nervous Sjstem consists of the autonomic 
system together with the accompanying visceral afferent 
fibres 

B Central Nervous System. The spinal cord and brain occupy the 
vertebra! canal and cranial cavity, from the walls of which they 
are separated by the meninges and the cerebrospinal fluid 
I The Spinal Cord and Brain Stem contain the motor col 
limn from which the efferent nerve roots take origin, and 
the association column in which end the afferent roots 
2. The Cerebellum, Colliculi, and Forcbrain contain the 
higher integrauve mechanisms 


III. NEUROLOGY, the stud) of the nervous s)stem, includes 
A. Morphology Structure of the ncr\ous system 

1 Gross Anatomy, the arrangement of the nerves and larger 
-features revealed b) dissection 

'“"Z. Microscopic Anatomy, the stud) of nervous pathway and 
.cellular arrangements 

Histology, the structure of neurones and neuroglia 

4 Embryology, the histogenesis of cellular elements as well 
as development of cellular and fibre arrangements 

5 Comparative Neurology, the phylogenetic comparison of 
the nervous s) stems of all animals 
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THE NEURAL TUBE 


B Physiology Functional aspects, reflex physiology, excitability, 
conduction, etc 

Pathology Stud) of disease process and structure. 

Clinical Neurology The symptomolog) of nervous disease and 
other injur) 

E. Neuro-anatomy, as a medial course, is chiefly concerned with 
the central nenous system It draws its material from the 
above neuromorphological fields. Contributions from physi- 
ology, pathology, and clinical neurology are included only 
u here directly pertinent to the anatomical material 

IV THE NEURAL TUBE. 

A. Development. The embryonic nervous system appears as a 
thickened ectodermal neural plate bounded by tw o neural folds. 
Fusion of folds forms the neural tube and tvv o dorsolateral 
strands of neural crest. The larger anterior end of the tube is 
divided b\ two constrictions mto three brain vesicles, prosen- 
cephalon, mesencephalon, and rhombencephalon The first be- 
comes redivided mto telencephalon and diencephalon, and the 
third redivided into metenccphalon and myelencephalon The 
posterior portion of the neural tube is the future spmal cord. 
Paired paginations of the telencephalon form the cerebral 
hemispheres while the optic \esicles arise as ventrolateral out- 
pochetings of the diencephalon The lumen of the neural tube 
becomes the ventricular system 

B Derivatives. 

1 Prosencephalon (Forebrain) 
a. Telencephalon 

(1) Derivatives. 

(a) Pallium (cerebral cortex) 

(b) Corpus striatum. 

(c) Olfactory lobe. 

(2) Nerve Olfactorv Cr I 

(3) Lumen 

(a) Two lateral ventricles 

(b) Anterior part of third ventricle, 
b Diencephalon. 

(1) Derivatives. 

(a) Thalamus and metathalamus. 
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(b) Epithalamus 

(c) Subthalamus 

(d) Hypothalamus, optic chiasma, mammillary 
bodies, posterior lobe of pituitary body 

(2) Nerve Optic nerve 

(3) Lumen Third ventricle (greater part of) 

2. Mesencephalon (Midbrain) 

(1) Derivatives 

(a) Corpora quadngenuna (colliculi) 

(b) Basis pe dun cull. 

(c) Red nucleus, substantia nigra, and teg 
mentum 

(2) Nerves 

(a) Oculomotor — Cr III 

(b) Trochlear-Cr IV 

(3) Lumen Cerebral aqueduct (Sylvian isthmus) 

3 Rhombencephalon (Hindbrain) 

a. Metencephalon (Pons) 

(1) Derivatives 

(a) Pontine tegmentum 

(b) Pars basilans pontis 

(c) Cerebellum 

(2) Nerves. 

(a) Tngeminal nerve — Cr V 

(b) Abducens nerve — Cr VI 

(c) Facial nerve — Cr VII 

(d) Auditory (cochlear and vestibular) nerve — 
Cr VIII 

(3) Lumen Fourth ventricle (anterior half) 
b M) clcncephalon (medulla oblongata) 

(1) Derivatives Medulla oblongata 

(2) Nerves. 

(a) Glossopharyngeal — Cr IX 

(b) Vagus-Cr X 

(c) Spinal accessory — Cr XI 

(d) Hypoglossal — Cr XII 

(3) Lumen Fourth ventricle (posterior half) 

A Posterior Portion of Neural Tube 

a Spinal cord 
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THE NEURAL TUBE 

(1) Derivatives. 

(a) Motor column 

(b) Association column 

(c) White columns 

(2) Nerves 

(a) Spinal nerves (31 pairs) 

(b) Spinal root of spinal accessory— Cr XI 

(3) Lumen Central canal 

C Gross Structure of Neural Tube* In cross section the tube is 
seen to consist of thin floor and roof plates, and thick lateral 
walls All nervous tissue develops in the lateral walls, the roof 
and floor remaining non nervous 

I Floor Plate Thin and narrow in the cord, it becomes the 
median raphe of the hindbrain, at the anterior end of which 
it ends 

2. Roof Plate. Narrow in the cord, it becomes the wide thin 
roof of the fourth ventricle, and the tela choroidea of the 
third \entncle 

3 Basal Plates. Thick, paired longitudinal columns, they are 
ventrolaterally placed on each side of the floor plate They 
extend throughout the cord, hindbrain and midbram, giv 
ing rise to all the motor nuclei of the cerebrospinal nerves 

4 Alar Plates The dorsolateral walls of the neural tube are 
separated from the basal plates by the sulcus Unit tans They 
extend the full length of the tube, forming the association 
column in which end the afferent nerve roots The) expand 
in the brain to form the cerebral hemispheres, as well as 
cerebellum and corpora quadrigcmina 

5 Sulcus Limitans A mid lateral groove, extending through 
out the cord, hindbrain, and midbrain, separates the basal 
from the alar plates, and ends ventrall) between midbrain 
and forebrain 

D Cellular Structure of the Neural Tube. Three well defined 
la)crs make up the wall 

1 Ependymal La)cr The lining of the tube is a proliferating 
germinal epithelium, whose mitotic products migrate out 
wards to form the mantle lajcr 

2. Mantle Lajer Thick and multicellular, it consists of defim 
[5] 
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tivc ncuroblasts and spongioblasts which develop into ncu 
rones and neuroglia 

3 Marginal Layer The outer layer is at first non nucleated, 
later neuroglia migrate m The long axons of association 
neurones leave the mantle to form tracts in the marginal 
layer 

4 Cortex. A fourth layer is produced in the cerebrum and 
cerebellum by migration of mantle elements across the 
marginal layer to form a peripheral cortex 

5 Gray and White Matter Myelinization of the tracts of the 
marginal layer makes it appear white, the unmyelinated 
mantle elements remaining gray Hence the cellular aggre 
gations such as cortex and nuclei are the gray matter, and 
the great pathways in the marginal layer form the white 
matter 

E. Histogenesis and Histology The embryonic mantle layer con 
sists of neuroblasts and spongioblasts derived from the epen 
dyma 

1 Neuroblasts Each develops into a single nerve cell or neu 
rone 

a Axon Each neuroblast first produces a growth cone 
which grows out to form the long thin axon of uniform 
diameter 

b Dendrite. Other processes grow out to form short, 
tapering, highly branched dendrites 
c. Neurofibnllae. Internally the cytoplasm produces fine 
fibnllae which arc long and thin in nerve fibres, and 
interlace in the cell body 

d Nissl substance. Between the neurofibnllae many small 
darkly staining Nissl ‘granules’ are formed 
e. The nucleus is large and vesicular, with a prominent 
nucleolus 

f Axon hillock. The axon arises from a small clear cone 
or hillock, and ends usually in fine branching filaments 
called Telodendrta 

g Collaterals or side branches of the axons usually are 
few and leave at right angles 
h Bipolar neurones have only one dendrite as well as the 
[ 6 ] 
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one axon They are found in the retina and in the 
eighth nerv e ganglia 

i Monopolar neurones have an axon onl) w hich branches 
in a T fashion They are found in spinal ganglia 
j Multipolar neurones have many dendrites and are 
found throughout the central nervous sjstem, and in 
the autonomic ganglia 

k Golgi Type I cells have long, and Type II short axons 
2. Spongioblasts- Form the supporting tissue 

a Protoplasmic astroglia have man) thick branching 
processes, and are found in the gray matter 
b Fibrous astroglia ha\e long dun branches, are found 
principally in the white matter Astroglia of both t)pes 
ha\e processes ending as peri \ a scalar feet on blood 
\ essels 

c- Ohgodendrogha are small with few branches In the 
gra) matter they are closel) applied to neurones as satel 
htes In white matter they form rows closely investing 
the axons 

d. Microglia Mesodermal elements, very small, which 
penetrate both gray and white matter from outside. 
They probabl) act as scavengers in cell injur) (neuro- 
nophagia) 

e. Ependym3 When proliferation ceases, the remaining 
columnar epithelium forms the lining of the central 
canal and ventricles Embr) omcall) each cell has a ab- 
ated border and a long basal process reaching out to the 
external limiting membrane The latter condition is 
seen m the adult only in the v entromedian sulcus and 
raphe 

f External limiting membrane. Consists of neuroglia 
closel) applied to the inner surface of the pia (pia-glial 
membrane), and accompanies cerebral blood vessels a 
short distance into the brain 

V NEURAL CREST Consists of a dorsolateral strand on each 
side of neural tube, at first continuous, later segmented in relation 
to somites It forms a v anct) of elements 
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A Spinal Crest. 

1 Ncuroblasts At first bipolar, they later become unipolar 
neurones The axon process divides, the thick peripheral 
process going to skin, muscle or viscera, terminating as a 
sensory ending, the thinner central process entering cord 

2 Sheath Cells They migrate from crest along both afferent 
and efferent neurones, to form neurilemma sheath of 
peripheral axons 

3 Pericellular Capsule Surrounding each ganglion cell is a 
multicellular capsule continuous with the neurilemma 

B Cranial Crest It gives rise to mesectodermal structures as well 
as neuroblasts and sheath cells Thickened ectodermal patches, 
the cpibranchial placodes, also contribute to the cranial ganglia 

1 The Crest forms neurones of the general cutaneous system, 
in ganglia of Cr V, and a smaller number in Cr VII, IX, 
and X 

2 The Epibranchial Placodes give rise to visceral afferent 
components of Cr VII, IX, and X 

3 The Ouc Placode gives nse to the bipolar neurones of Cr 
VIII as well as the internal ear 

4 The Crest contributes sheath cells to the cranial nerves 

5 The branchial arch cartilages are mostly from crest 

C The Para\ertebral and Prcvertcbral Ganglia of the sympa 
thetic system are probably of crest origin also, as is the adrenal 
medulla 

VI MYELINIZATION 

A Classification Axons may be naked, or covered by either a 
myelin sheath or a neurilemma sheath, or both 

I Naked Fibres. In central gray, intra-cortical neurones, and 
some of the longer tract fibres m cord and brain 

2. With Myelin Sheath Most of the larger axons of central 
ner\ous system 

3 With Neurilemma Many small fibres of peripheral nerves 
(Rcmak s fibres) 

4 With Myelin and Neurilemma The larger fibres of the 
peripheral nenes 

B Nature of Myelimzation 

1 Myelin is a fatty substance which forms a sheath along the 
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axon, continuous in brain and cord, discontinuous in pe 
riphera! nerves In the former, oligodendroglia closely invest 
the myelin sheath, and in the latter, a sheath cell encom 
passes the myelin of each nodal segment, which are sepa 
rated by nodes of Ranvier The sheath cells, and possibly 
the oligodendroglia are concerned m my ehnization 

2 Myelmization Sequence. The various nerve pathways be- 
come myelinated m a sequence which is comparable to the 
phylogenetic age of each tract 

a First to be myelinated are the efferent roots followed 
by the afferent roots in the cervical cord 
b Second are the intersegmental (ground) bundles, the 
spinocerebellar tracts, and the median longitudinal bun- 
dle The vestibular portion of the eight nerve myeli- 
nates early 

c. The corticospinal tracts and corticopontine systems 
myelinate later, and after birth, while some cortical 
association areas myelinate only after many years 

3 There is some evidence that the pattern of developing func 
Uon in the foetus is related to the my ehnization pattern 

VII THE REFLEX ARC Nervous activity m its simplest form 
involves a physical change stimulating an afferent ending, a wave 
of excitation passing along axon to stimulate, across a synapse, a 
motor neurone which in turn activates a muscle unit Most simple 
reflex arcs involve also central mternuncial neurones (interneu 
rones), and most neural activity involves highly elaborate systems of 
many neurones and multiple parallel circuits 
A The Stimulus is a physical change, such as pressure, light, 
sound, etc 

B Excitation is a local depolarization at an irritable point (usually 
the sensory ending), which may then be propagated in rapid 
waves (the Nerve Impulse) throughout the whole neurone 
C. A Synapse is an area of contiguity betw een the telodendna of 
an axon and the dendrites or cell body (soma) of another neu 
rone across which nerv e impulses may excite the second neurone 
1 Synaptic Terminals In the synaptic region, the axon ter 
rmnals are frequently applied as minute rings, either ter- 
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mina! (boutons termmaux) or along the course (boutons 
cle passage) of the telodendna 

2. Other types include those of the purhinje cells of the cere 
bellum, which are surrounded by a dense meshworh of axon 
terminals of basket cells, the climbing fibres extending along 
the purhinje dendrites, and the mossy endings m the 
granular layer 

D Dynamic Polarity In the laboratory the nerve impulse may 
travel in either direction along an axon, but the synapse allows 
an impulse 'to pass* only from the axon of one cell to dendrite 
or soma of the next 

E Self Excitatory Circuits Neural activity of higher brain centers 
is very complex and may not be reduced to simple circuits The 
Berger rhythm is partially independent of immediate afferent 
impulses The goldfish brain, separated from afferent nerves, 
discharges repetitive central volleys synchronous with respira 
tory movements Closed self-exciting circuits are a plausible 
explanation 

VIII DEGENERATION AND REGENERATION When an 
axon is severed, the peripheral section degenerates completely, while 
the central stump and cell body show transitory changes 
A Wallcnan Degeneration The peripheral section (away from 
cell body) degenerates, the myelin becomes chemically changed, 
forming lumps and granules, and is finally completely resorbed 
The neurilemma becomes a chain of sheath cells 
B Retrograde Degeneration The central stump degenerates back 
to a node of Ranvier The cell body shows transitory chroma 
tolysis (solution of NissI granules) and an eccentric nucleus If 
the injury to axon is close to cell, chromatolysis is severe and 
the cell may die Injury to the central process of spinal ganglion 
cells docs not produce retrograde degeneration 
C. Regenerauon Only peripheral nerve fibres regenerate. The 
chain of sheath cells forms a path along which the new axon, 
as a bud from the central stump grows out The neurilemma 
is later re formed from the sheath cell chain Central neurones 
hav e no sheath cells and do not regenerate 
[ to ] 
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SPINAL CORD 


I GROSS ANATOMY 

A General Description Consists of an oval column of nervous 
tissue, with cervical and lumbar enlargements, occupying the 
vertebral canal, continuous above with the medulla oblongata 
through the foramen magnum, and terminating below, oppo- 
site second lumbar vertebra, as the conus medullans beyond 
which a thread like filttm terminate continues to the coccyx 
B Sulci Six longitudinal furrows arc present the ventral median, 
dorsal median, and paired ventrolateral and dorsolateral sulci 
The sulci help to divide the subjacent white matter into three 
pairs of white columns, the dorsal, lateral, and ventral funiculi 
In the cervical region, each dorsal funiculus is subdivided by a 
dorsal intermediate sulcus (and septum) into a medial fasciculus 
gracilis and a lateral fasciculus cuneatus 
C. Nerve Roots Thirty-one pairs of roots pass out to the inter 
vertebral foramina 

1 Dorsal Roots The spinal ganglia he in the intervertebral 
foramina (excepuon sacral ganglia lie m the vertebral 
canal), from which the central process of each enters the 
dural sac, and breaks up into a number of filaments which 
fan out to enter the dorsolateral sulcus in a continuous Ion 
gitudinal series The section of cord encompassed by the 

'"filamentous expansions of each root pair constitutes a spinal 
segment 

2 . Ventral Roots Emerging from near the ventrolateral sulcus 
a group of filaments converge to forj p the ventral root, 
picrCtTifie dural sac and join the dorsal root in the inter- 
vertebral canal 

3 Spinal Accessory Root. In the upper cervical region a scries 
of lateral rootlets emerge to form the cramally directed 
spinal root of the eleventh cranial nerve 

4 Position of Roots In the adult, the spinal cord is shorter 
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than the vertebral canal, the sacral cord being at the Ie\el 
of the first lumbar \ertebra Each successi\e pair of nerve 
roots, from cervical to coccygeal, runs further backward (in 
the dural sac) to reach us appropriate spinal exit The sacral 
roots, several inches long, run directly backward surround 
mg the filum terminale and form, vv ithin the dural sac, the 
cauda equina 

D Meninges. The cord is covered with three connective tissue 
membranes 

1 Pia Mater A delicate vascular membrane closely investing 
the cord and roots 

2 Dura Mater A thick tubular sheath enclosing the cord and 
occupying almost the whole length of the vertebral canal, 
from the walls of which, it is separated by epidural fat and 
blood vessels At the third sacral vertebra it constricts to a 
thread upon the filum terminale It is pierced by all of the 
nerve roots and the filum terminale, each of which receive 
from it an investment 

3 Arachnoid A thin, web-like and reticulated, non vascular 
membrane, close beneath the dura, and separated from the 
pia by the subarachnoid space lined with epithelium, con 
taming cerebrospinal fluid 

4 The Denticulate Ligament is a bilateral shelf like fold from 
the pia, with scalloped border extending as teeth to attach 
to the dura between each pair of spinal nerves It extends 
from the upper cervical to the lower thoracic region, and 
senes as a suspensory ligament of the cord 

E. Lumbar Puncture. The portion of the dural sac in the lumbar 
region, containing the cauda equina but not the cord, is safely 
reached for spinal fluid examination The needle passes in below 
the fourth lumbar spine, crosses the epidural space, through the 
dura, subdural space, and arachnoid, to withdrew fluid from 
the subarachnoid space The needle is unlikely to damage the 
small mobile nerve roots, of which the ventral will regenerate 
if injured 

II MICROSCOPIC ANATOMY In cross section, the cord con 
sists of a central column of gray matter surrounded by the white 
funiculi 
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A. Gray Matter A fluted column, H-sbaped in cross-section, of 
mo lateral halves connected by a gray commissure containing 
the spinal canaL Each half consists of a ventral and a dorsal 
column- The ventral column is essentially the efferent nerve 
nuclei forming a motor column, the dorsal column is an asso- 
ciation column, m which end the afferent nerve roots Outside 
the cord, the spinal ganglia constitute the aHcrcnt column 
1 Ventral (Motor) Column. The ventral horn, short and 
thick, contains the large multipolar cell bodies of all the 
somatic efferent neurones Their branching dendrites oca 
sionally extend into the white matter or cross in the white 
commissure to the opposite side. Their axons innervate 
groups of muscle cells The neurones are arranged in cell 
groups or nuclei 

a. Ventromedial group Continuous column, absent only 
in L„Si 

b Dorsomedial group Ti through Ly The medial cell 
groups innervate the trunk musculature. 

c. Ventrolateral group C 4 g and h~-S 2 

d. Dorsolateral group C 4 8 and L~-S 3 

e. Retro-dorsolateral group CgTi and Si 3 

f. Central group L^-S* The lateral groups innervate the 
appendicular muscles, and they arc primarily respon 
sible for the cervical and lumbar enlargements of the 
cord 

g Phrenic nucleus. Cj,^ 

h. Lateral column. The lateral horn is a lateral extension 
of the ventral horn in the thoracic and upper lumbar 
segments It contains the mtcrmediolateral cell group 
(T, L;) These small multipolar cells are the sympa 
thetic preganglionics A similar group (Sr<) arc 
preganghomes of the sacral parasympatheuc. 

1 . Spinal nucleus of the Accessory’ Nen e. Cj . 

2. Dorsal (Association) Column. The dorsal horn is thin and 
attenuated, consisting of a peripheral apex and a central 
expanded caput, connected to the ventral column by a 
thinner cervix. It contains many cell groups not well de 
lined, of small and medium sized cells 

[ 14] 





MICROSCOPIC ANATOMY 
a. Classification The ceils of the dorsal column give nse 
to fibres which ma) be classified into 

(1) Intrasegmental Short, unmyelinated, confined to 
the central gray 

(2) Intersegmental Longer, emerging from gra) 
into the proximal white matter, to reach lower and 
higher cord regions (ground bundles) 

(3) SuprasegmentaL Ascending fibres in the pe 
ripheral zone of white matter, to reach higher 
brain centers 

b Apex Contains the substantia gelattnosa of Rolando, 
usually small neurones difficult to stain The marginal 
zone has large cells few in number, the intermediate 
zone small fusiform cells, and inner zone stellate cells 
(Golgi T)pe II) The substantia gelatinosa extends the 
w hole length of the cord, and continues into the brain 
stem as the spinal trigeminal nucleus 
c. Caput. Contains no w ell defined cell groups, but many 
neurones of diverse axon-destination are present 
d Cervix. Small irregularly grouped cells In the thoracic 
and upper lumbar segments a well formed nuclear 
column of large cells is present, the dorsal nucleus of 
Clar\c 

3 Reticular Substance. Lateral to the cervix, in the cervical 
region some graj matter is intermingled with fibres of the 
lateral funiculus forming a reticular substance. 

B White Matter Consists of three pairs of funiculi (white col 
umns) each consisting of fasciculi or nervous pathwavs 

1 Funiculi. 

a. Dorsal fumcuh Between dorsal gray columns and the 
median dorsal septum 

b Ventral funiculi Between ventral gray columns and 
the median ventral sulcus 

c. Lateral fumcuh Between dorsal and ventral gra) col 
umns 

2. White Commissure. Just below the graj commissure in 
the ventral funiculi, a horizontal band of fibres constitutes 
the ventral white commissure 

r *5] 



SPINAL CORD 


3 Fibre Tracts. The nervous pathways (tracts) he in three 
roughly defined zones 

a Proximal zone. Contains intersegmcntal fibres which 
both originate and terminate in spinal gray (Fasciculi 
propm or ground bundles ) 

b Peripheral zone. Contains the suprasegmental path- 
ways ascending from cord to brain 
c. Intermediate zone. In the lateral and ventral funiculi 
an intermediate zone contains the pathways descending 
from bram to cord 

4 Components The tracts are made up of fibres from three 
sources 

a Dorsal root ganglia Central processes of dorsal root 
ganglion cells make up the larger part of the dorsal 
funiculi and dorsolateral tract of Lissauer 
b Dorsal gray columns. The ascending pathways (except 
dorsal funiculi) and fasciculi proprn take origin m the 
gray column 

c. Brain The descending spinal tracts originate in various 
parts of the brain 

5 Further analysis of fibre tracts is deferred until after con 
sideration of the spinal nerve components 

III THE SPINAL NERVES Thirty-one pairs A typical spinal 
nerve (T 3 „) consists of several uniform parts 
A Somatic Components. The major part of each nerve supplies 
the skeletal muscle, skin, and intermediate connective tissue 

1 Dorsal Root and Ganglion The spinal ganglia constitute 
the afferent gray column The root contains all spinal affer 
ent fibres The ganglion consists of a large number of large 
and small ganglion cells, each of whose single axon divides 
into a small central and larger peripheral process The for 
mer enter the spinal cord, the latter join the ventral root to 
form the nerve trunk 

2. Ventral Root Contains the axons of the ventral and lateral 
gray column cells, which leave the cord in groups of fila 
ments 

3 Nerve Trunk. The union of dorsal afferent and ventral 
efferent roots produces a mixed trunk which after gi'»ig 
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innervation to the smooth (and cardiac) muscle of the 
viscera 

b Visceral afferent fibres run from the viscera (et ad 
nexa), through the sympathetic ganglia and white rami 
communicantes to reach the dorsal roots and ganglia, 
in which the ganglion cells lie, whence they enter the 
cord with the other afferent root fibres (It should be 
emphasized that the ' sympathetic' js a motor system 
by definition and hence the afferent components of 
visceral nerves are not designated ‘sympathetic’) 
c. Sympathetic preganglionics The splanchnic nerves 
proper contain largely preganglionics which have tra 
versed the trunk ganglia without synapse to reach cen 
tral unpaired prevertebral ganglia, whence postgang 
homes reach abdominal and pelvic viscera 

5 The Pelvic Visceral Nerve consists of parasympathetic pre 
ganglionic fibres from the mtermediolateral column (S 2 <), 
to ganglia in the pelvic viscera 

C Segmentation Initially each embryonic spinal nerve innervates 
the muscles and shm of one body segment or metamere 

1 Muscular Nerve Segmentation The dorsal primary rami to 
the epaxial or true back muscles retain in the adult a clearly 
segmental pattern The hypaxial muscles (the appendicular 
and most of the trunk muscles) innervated by the ventral 
rami undergo complex development, and most of the ven 
tral rami arc involved in plexuses 

2 Dermatomes The afferent nerves are distributed in a well 
defined segmental pattern, each nerve innervating a hon 
zontal belt of skin, a ‘dermatome ’ In plexuses the afferent! 
from any one root may be distributed in several different 
nerves, jet the constituent root fibres reach their appropriate 
dermatome This is well illustrated by Herpes zoster a virus 
infection of the posterior roots resulting in a series of 
peripheral blisters strictly confined to the skin belt of the 
affected root level 

3 Overlap Trunk dermatomes overlap to the extent that loss 
of a single root results in no appreciable anesthesia There 
is less overlap in appendicular dermatomes 

D Nerve Root Components. A nerve is composed of several dif 
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ferent kinds of fibres The afferent fibres subserving each sepa 
rate category of sense modality, and the efferent fibres to somatic 
and visceral muscles, are known as the components of a nerve 
1 Afferent Components Nerve endings subserving cutaneous 
sense are described as exteroceptive those of muscle sense 
and deep pressure as proprioceptive and the visceral affer- 
ents as interoceptive The following is a summary of the 
chief afferent endings 

a Exteroceptive. Skin and subcutaneous tissue 

(1) Free endings Small myelinated and unmyeh- 
nated Subserve pain 

(2) Hair follicles Large m) ehnated Tactile sense 

(3) Encapsulated endings 

(a) Meissner’s and Merkle’s corpuscles. Large 
mvelinated Tactile sense 

(b) Pacinian corpuscle. Large my ehnated Pres 
sure 

(c) Krause corpuscle. Small myelinated and un 
my ehnated Cold 

(d) Ruffim corpuscle. Small my ehnated and un 
myelinated Warmth 

b Proprioceptive. Muscle, tendon and joint capsule, 
mostly large myelinated fibres 

(1) Free endings 

(2) Pacinian corpuscles Pressure, movement 

(3) Muscle spindles and tendon organs of Golgi 
Active and passive stretch 

c. Interoceptive Viscera and mesenteries Many of these 
fibres traverse the sympathetic trunk and white rami 

(1) Free endings 

(2) Pacinian corpuscles 

d Arrangement In the dorsal root, the fibres of all of 
these components are intermingled In the cord, the 
several modalities become separated into more or less 
distinct ascending pathways 

2. Efferent Components The v entrai root contains all of the 
motor fibres to somatic muscle, visceral muscle, and glands 
a Somatic. The muscular nerves carry the motor fibres 
to the muscles, where each axon divides into many 
[ * 9 ] 



SPINAL CORD 


terminals supplying a large number of muscle cells 
Each neurone and its numerous muscle cells consti 
tute a motor unit 

b Visceral The cutaneous nerves, muscular nerves and 
■visceral nerves all carry sympathetic postganghonics 
from the sympathetic trunk ganglia The preganghomes 
are contained in the ventral roots 

(1) Sympathetic Sympathetic preganghomes are 
found in the ventral roots from the first thoracic 
to the second or third lumbar level 

(2) Parasympathetic (sacral division) preganghomes 
are found in the second to fourth sacral roots, 
where they run to terminal ganglia in the pelvic 
viscera 

(3) Vasodilators Stimualtion of dorsal roots results 
in peripheral vasodilatation The neurones are affer 
ent type monopolar cells in the spinal ganglia 

c. The spinal root of Cr XI will be considered with the 
cranial nerves 

IV ROOT ENTRANCE ZONE The dorsal root filaments enter 
mg the dorsolateral sulcus divide into a small lateral and a large 
medial division 

A Medial Division Mostly fibres of large diameter, which enter 
the dorsal funiculus close to the dorsal gray column Each fibre 
divides in Y fashion into a long ascending and a short descend 
ing process 

1 Ascending Fibres These constitute the greater part of each 
dorsal funiculus, the fibres from each root being at first 
lateral, then becoming more medial as each new contribu 
tion at higher segments occupies the lateral portion of each 
funiculus Some fibres end in the spinal gray, and others 
reach the dorsal gray of the medulla In the cervical region 
the fibres of lumbosacral origin form the medial fasciculus 
gracilus (column of Gall), and the cervical fibres form the 
lateral fasciculus cuneatus (column of Burdich) They 
end in the nuclei gracilis and cuneatus in the medulla 
2. Descending Fibres These shorter fibres course in two 
groups, the fasciculi septomarginahs and interfascicularis 
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3 Collaterals. The ascending and descending processes give 
off collaterals at \anous levels which enter the dorsal gra\ 
column By means of their sjnapses, pathwajs are provided 
for direct reflex response as well as connections to higher 
centers 

B Lateral Division. This small division of the root consists of small 
m)ehnated and unm)elinated fibres The) enter the dorsolateral 
tract (of Lissauer) betw een the apex of the dorsal grav and the 
dorsolateral sulcus Here each branches into a short ascending 
and descending process spanning but a segment or less of the 
cord It ends in the dorsal gra) column, pnmanlv m the sub- 
stantia gelatmosa 

V PATHWAYS OF THE SPINAL CORD The incoming root 
fibres carrying the various sense modalities end either directlv m 
the dorsal gra) column or send collaterals which svnapse with cells 
therein 

A Intrasegmental Firstl), connections are established with inter- 
neurones (mternunaal cells) whose unm)ebnated axons do not 
leave the central gra) The mterneurone svstem is more complex 
than the follow mg simple categories indicate 
I Commissural Neurones send their axons across the midline 
to end in the opposite ventral gra) column 
2. Association Neurones end directl) m the homolateral mo- 
tor column 

B IntersegmentaL Secondl), connections are established with neu- 
rones whose usuall) m)elmated axons leave the cnetral grav to 
course up or down the cord in the ground bundles (fasciculi 
proprn) These fibres, after a course of v arying length re-enter 
the gra) to end presumably in the motor columns 

C. Suprasegmental Third!}, connections arc established with 
neurones whose axons run out into the peripheral zone of the 
funiculi to ascend in tracts to higher (suprasegmental) parts of 
the nervous s)stem Most of these fibres cross in the ventral 
white commissure of the cord The) ma\ be thus classified 
1 Cerebellar Afferents. Proprioceptiv c fibres enter the cord in 
the medial root divisions, and ascend to the medulla in the 
dorsal funiculi Collaterals and the descending branches of 
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these end on cells in the dorsal gray column, whose axon 
ascend to the cerebellar cortex in tw o tracts 
a* Ventral spinocerebellar tract. Occupies the ventral 
peripheral portion of the lateral funiculus It contains 
fibres from both contra and homo-lateral dorsal gray, 
primarily the lumbosacral region, to the onlcnor cere 
bellar cortex 

b Dorsal spinocerebellar tract. Occupies the peripheral 
portion of the lateral funiculus dorsal to the preceding 
Large cells in the dorsal nucleus of Clarke send their 
axons to tract of both same and opposite sides of cord 
in upper lumbar and thoracic regions, to posterior (and 
anterior) cerebellar \ermis (The cerebellar pathway 
for fibres of cervical root origin is mediated by the 
lateral cuneate nucleus in the medulla ) 

2. Midbrain AfTerents. The spinotectal tracts occupy the ven 
tral peripheral portion of the lateral funiculus The axons 
arise from cells in the dorsal gray, cross in the white com 
missure, and ascend to the tectum (corpora quadrigemina) 
of the midbrain 

3 Forebrain AfTerents. The afferent pathways reaching the 
forebrain synapse in the posterior ventral thalamic nucleus, 
from which ternary neurones run to the postcentral cortex 
a. Dorsal funiculus. The proprioceptive fibres entering 
and ascending as the fasciculi gracilis and cuneatus 
constitute a second proprioceptive path (the first being 
the spinocerebellar fasciculi) From the nuclei gracilis 
and cuneatus in the medulla, the pathway crosses, as- 
cends to thalamus and cortex This pathway carries not 
only proprioceptors, but also vibratory* sense, two- 
point sensibility, and discriminative touch 
b Ventral spinothalamic tract. Exteroceptive fibres 
mediating touch and pressure enter the dorsal funiculus 
through the medial root, branch into ascending and 
descending processes These pass up and down the cord 
for many segments, giving off collaterals to the dorsal 
gray before terminating therein Secondary neurones 
cross m the ventral white commissure and ascend m 
the ventral regions of each ventral funiculus to the 
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thalamus, whence tertiary neurones lead to the cortex 
c. Lateral spinothalamic tract. The exteroceptive fibres 
mediating pain and temperature enter the tract of Lis- 
sauer w the lateral root, where the* terminate, within 
a segment or two, pnmanlj in the substantia gelatmosa 
Secondary neurones cross m the \entral white commis- 
sure, and ascend m the \entral penphera! portion of 
the lateral funiculus to the thalamus The ventral spino- 
cerebellar, lateral spinothalamic, and spinotectal tracts 
together constitute Gou ers tract 
4 Clinical Examples The results of disease processes illustrate 
the anatom} of the cord 

a. Syringomyelia. The thalamic after en s decussate at 
three levels the pain temperature path crosses at once, 
the touch pressure path crosses for a considerable dis- 
tance abo\e the entrance level, and the propnocepuse 
path decussates in the medulla Sv nngorm eba, charac- 
terized b) cat it} formauon in the central gras commis- 
sure, obstructs the ventral white commissure. As a re- 
sult the patient is analgesic at the affected level but 
tactile sensation ma) be unaffected or reduced onh at 
a much lower spina! level Thus, fibres crossing at the 
fifth thoracic Ie\el consist of pain fibres from about the 
sixth thoracic dermatome, but touch fibres from much 
lower segments 

b Tabes dorsalis. Progressive degeneration of the dorsal 
fasciculi and roots results in the following 

(1) Reduced muscular tone and deep reflexes. Parch 
because of loss of rntra- and mtersegmental circuits 
mediating mjotatic reflexes. 

(2) Muscular incoordination. Through loss of pro- 
pnocepm e paths to cerebellum and forebrain 

(3) Loss of discriminative touch. (\ ibratorv and two- 
point sensibiht} ) Loss of dorsal fasciculi 

D Efferent Pathways. The intermediate zone of both lateral and 
ventral funiculi carry suprasegmental upper motor fibres from 
higher neural le\els to segmental lower motor neurones There 
ma} or ma} not be an mterneurone interpolated in the central 
gra} between the upper and lower motor neurones 
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1 Cerebellar Efferents No efferents reach the cord directl) 
from the cerebellum Several pathways carry fibres from 
nuclei associated with the cerebellum 

a Rubrospinal tract A small fascicle of fibres from the 
posterior (magnocellular) part of the red nucleus travel 
in the central part of the lateral funiculus 
b Vestibulospinal tracts Fibres from the lateral vestib- 
ular (Deiters) nucleus travel in the lateral funiculus, 
3nd others from the medial \estibular (Schwalbe s) 
nucleus travel in the ventral funiculus 

2 Midbram Efferents Tectospinal fibres arising in the corpora 
quadngemina (primarily the superior colliculi) descend in 
ventral funiculus 

3 Forebram Efferents Fibres originating m pyramidal cells 
(including the giant cells of Betz) of the precentral gyrus 
reach the cord in two pathways 

a Lateral corticospinal tract The larger portion of the 
pyramids emerging from the pons decussate to form 
the lateral or crossed pyramidal tract, occupying a large 
area of each lateral funiculus above the rubrospinal 
tract and medial to the dorsal spinocerebellar tract 
Some ipselateral fibres are also present (Below the 
thoracic region, the lateral corticospinal tract is penph 
eral, because the dorsal spinocerebellar tract occurs only 
in the thoracic and cervical regions) 
b Ventral corticospinal tract The smaller portion of the 
p)ramids continue directly into the ventral funiculus 
of each side where they are located close to the median 
sulcus Most fibres cross to the other side before synaps 
ing with motor column cells 
c Reticulospinal tract Reticular nuclei, including the red 
nucleus and substantia nigra, receive fibres from the 
cortex, the corpora striata and other basal ganglia, and 
send axons into the cord 

E. Brown Sequard Syndrome. Hemisection of the cord produces 
the following 
1 Clinical Picture. 

a Paralysis of voluntary movement below injury on same 
side of bod) The upper motor neurones are severed, 
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leaving the lower motor neurones under purely seg 
mental control, with resulting spastic paralysis (in 
creased deep reflexes due to extrapyramidal tract in 
volvement) 

b Increased blood flow Loss of tone in vasoconstrictors 
c. Loss of proprioception on same side, below injury 
d Loss of pain temperature sense, on opposite side below 
injury 

2 Histological Picture. All fibres separated from their cell 
bodies degenerate 

a Ascending degeneration The ascending pathways de 
generate above the injury 

b Descending degeneration The efferent pathways be 
low the injury degenerate, as well as descending 
branches of the entering posterior root fibres 
F Integrative Levels In summary, the peripheral afferent and 
efferent neurones may be said to be integrated at two major 
levels 

1 Segmental The incoming root fibres connect with intra 
and mterscgmental neurones m the dorsal gray columns, 
which provide for immediate and relatively simple reflex 
response Examples are the mjotatic, and scratch reflexes 

2 Suprasegmental The afferent root fibres also connect with 
pathways reaching higher centers, where various Integra 
tions take place in many and parallel circuits The various 
upper motor neurones converge on the segmental motor 
neurones, and the latter constitute a final common path 
to the muscles 

3 The embrjonic alar (association) plate and its derivatives 
constitute the integrative division of the nervous sjstem 

4 The neural crest (receptor plate) and basal (motor) plate 
give rise to the afferent and efferent divisions 
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I POSITION The brain is contained within the cranial cavity of 
the skull Dorsally it occupies the rounded calvarium, \ entrally the 
three cranial fossae, each of which consists of a medial and two 
lateral portions 

A. Posterior Fossa. Contains the medulla, pons and cerebellum 

B Middle Fossa. Contains the midbrain and thalamus, and later 
ally the temporal lobes 

C. Anterior Fossa. Frontal and olfactory lobes 

D Calvarium. The dorsal parts of the cerebral hemispheres 

II MENINGES The brain is separated from the skull by three 
meninges, the dura, pia mater, and arachnoid 

A. The Dura is a thick fibrous membrane, which, unlike its rela 
uons around the cord, is closely applied to the intenor of the 
skull, and senes as its periosteum Two layers can be demon 
strated, betw een which are contained the cerebral \enous sinuses 
The outer layer is adherent to the skull, the inner layer is in 
folded to form, as follows 

1 Falx Cercbn, a sagittal septum separating (dorsally) the 
cerebral hemispheres 

2. Tcntonum Cerebelli, the roof of the posterior cranial fossa, 
a honzontal septum separaung cerebrum from cerebellum, 
and notched to allow passage of the midbrain 

3 Falx Cerebelli, a shallow infolding below the tentorium 

4 Diaphragma Sellae, a washer shaped membrane separating 
the pituitary body from the hypothalamus, except for pas- 
sage of the pituitary stalk 

B The Pia Mater A thin in\estment closely adherent to the en 
tire external surface of the brain, dipping deep into the sulci 
and cm eloping the entrance portions of the cerebral blood ses- 
sels 

C. Arachnoid. Close beneath the dura, and separated, by the epi 
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and nodose ganglia of the ninth and tenth lie outside of the skull 
The nerves lea\ c the brain in a ventral and lateral senes 

A. Ventral Senes Somatic muscular nerves The third, fourth, 
sixth and twelfth nerves 

B Lateral Senes Afferent fibres, and visceral efferent (Excep- 
tion visceral efferent constrictor pupillac fibres leave in the 
ventral senes, in the third nerve) The fifth, seventh, ninth, 
tenth and eleventh leave in the lateral series, and the eighth 
more dorsally (Note the nerves to the striated visceral muscles 
of the branchial arches are included in the visceral efferent 
group ) 

C Proprioceptive (afferent) fibres may be included in some of 
the ventral somatic roots (Small ganglia occur on oculomotor 
nerve branches ) 

V THE MEDULLA OBLONGATA is continuous with and alike 
the cord at its lower end Redisposition of old, and addition of new 
parts produces considerable change in its upper parts It is a trun 
cated cone one and one half inches long, and contains in its upper 
half the low er part of the fourth ventricle 

A Sulci Most of the fissures seen in the cord can be recognized 
in the medulla 

1 The Dorsomedian Sulcus Half way up the medulla, this 
sulcus becomes shallow and spreads apart as the walls of 
the ventricle diverge 

2 The Dorsolateral Sulcus spreads more laterally with the 
opening of the v entricular walls Rootlets of the ninth, tenth 
and eleventh nerves enter and leave near this sulcus 

3 The Ventrolateral Sulcus separating the olives from the 
pyramids, marks the line of emergence of the ventral root 
senes 

4 The Median Ventral Sulcus is partially obscured by the 
decussation of the pyramids in its lower part 

5 The Dorso-mtermediate Sulcus lies between the clava and 
cuneate tubercle 

B Areas of the Medulla The sulci demarcate three paired areas 
conunuous with but differing considerably from the funiculi of 
the cord 
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1 Dorsal Area Includes the clava and, more laterally, the 
cuneate tubercle, produced by the underlying nuclei gracilis 
and cuneatus Above the cuneate tubercle, the diverging 
walls of the ventricle are formed by the resuform bodies 
The posterior medullary velum roofs the ventricle between 
them The dorsal and ventral cochlear nuclei partially en- 
circle the resuform body at its upper end 

Z Lateral Area Contains the emerging rootlets of the spinal 
accessory nerve (as does the lateral funiculus of the upper 
cervical cord) and rootlets of vagus and glossopharyngeal 
nerves Between these rootlets and the dorsolateral sulcus 
lies the tubcrculum cinereum formed by the underlying 
substantia gelatmosa and spinal root of the fifth nerve. More 
ventrally is the swelling of the superior olive. 

3 Ventral Area The upper portion is occupied by the pyra 
mids which contains the corticospinal tracts covered with 
a thin layer of ventral external arcuate fibres and the arcuate 
nuclei In the lower medulla the decussation of cortico- 
spinal tracts takes place 

4 Rhomboid Fossa Between the upper half of dorsal areas 
lies the ventricular floor, to be considered below 


VI PONS Includes the pontine tegmentum and pons basilans 
A The Tegmentum (pars dorsalis pontis) is conunuous with the 
medulla, and of comparable structure It is covered laterally 
and ventrally by the pons basilans At the lower end lies the 
dorsal cochlear nucleus, and above, the superior cerebellar 
arms (brachia conjunctiva) form converging lateral walls of 
the ventricle Between them the anterior medullary velum roofs 
the narrowing ventricle 

B Pars Basilans Pontis A mass of nuclei and fibres forming a 
ccrcbroccrebcllir pathway which covers both lateral and ventral 


parts of the tegmentum To this run the cortico-pontinc tracts, 
and through it the corticospinal tracts 
Internal Ventncular Surface To be considered below 


Nerves. The abduccns nerve emerges vcntrallj between the 
pons and medulla The trigeminal nerve emerges on the an 
tenor lateral surface of the pons 
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VII THE FOURTH VENTRICLE is a large rhomboid space con 
tmuous with the spinal canal below and the cerebral aqueduct above. 

A The Floor consists of the diamond shaped ventricular surfaces 
of the medulla and pons A longitudinal sulcus m the midlinc 
indicates the median raphe (embryonic floor plate) More later 
ally the shallow sulcus hmitans separates each half of the floor 
into two columns Medially, on each side of the longitudinal 
sulcus lie the original basal plates of the embryo Laterally lie 
the two alar plates 

1 Basal Plate Area At the lower end is the medial hypo- 
glossal trigone and lateral ala cinerea (dorsal vagus nil 
cleus) Higher up in the pontine portion Jies the colliculus 
of the facial ner\e and abducens nucleus 

2 Alar Plate Area The central portion is largely occupied by 
the large vestibular nuclei across which run the medullary 
striae At the widest part he the dorsal cochlear nuclei, and 
the locus caeruleus lies at the upper end 

B Lateral Walls 

1 The Inferior diverging walls on each side are formed by 
the clava, the cuneate tubercle, and the restiform body 

2 The Superior converging walls are formed by the inner 
and superior cerebellar arms 

C. Roof The posterior medullary velum forms the lower roof> 
the cerebellum the central portion, and the anterior medullary 
velum the upper 

D Choroid Plexus The posterior medullary velum contains capd 
lary beds invaginated into the ventricle in the form of a T At 
the widest part of the ventricle, the foramina of Luschha open 
into the subarachnoid space, allowing passage of cerebrospinal 
fluid The plexuses protrude through the foramina A foramen 
of Magendie may occur near the lower apex of the roof 

Vm MIDBRAIN Consists of the dorsal corpora quadngemm3, a 
central tegmental portion, and the paired cerebral peduncles 

A Corpora Quadngemina The paired superior and inferior col 
hculi are connected to the lateral and medial geniculate bodies 
of the thalamus by the superior and inferior quadrigeminal 
arms 

B Tegmentum Continuous with pontine tegmentum Contains 
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the nuclei of the oculomotor and trochlear nerves, and the cere- 
bral aqueduct 

C Basis Peduncuh. The cerebral peduncles consist of a tegmental 
portion, and a basis peduncuh which is trul) cerebral Above, 
as the peduncles emerge from the forebrain, they arc encircled 
b) the optic tracts, and below the) enter the pars basilans pontis 
D Nerves. The oculomotor nerves emerge ventrall) in the inter- 
peduncular fossa, the trochlear dorsal!) after crossing above the 
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I GENERAL ARRANGEMENT The medulla is composed of 
white and gray columns continuous with but differing from those 
of the cord 

A Gray Columns. These are dorsally placed and form the floor 
of the lower half of the fourth ventricle. The deeper gray mat 
ter is largely reticular substance, while close to the \cntncle lies 
the central gray The medial basal plate region contains the 
efferent nuclei of the cranial nerves The lateral alar plate forms 
the association nuclei in which the afferent nerve roots termi 
nate The association nuclei include interneurone systems con 
verging on the motor nuclei (segmental level) and also second 
ary ascending pathways to higher centers (suprasegmcntal 
level) 

B White Columns. The lateral and ventral portions of the me 
dulla arc formed by the white columns They contain the path 
ways connecting the medulla and cord with cerebellum, mid 
brain and forcbrain 

C. Secondary Gray Masses (formed by ventral migration of alar 

plate cells) occupy deep portions of the white columns 

D Reticular Substance. Much of the central portion of the me 
dulla is formed from an intermixture of gray and white sub- 
stance The nuclear material occupies much of the basal plate 
area, although mostly derived from the alar plate Through 
the region run many large myelinated fibres, transverse, arcuate, 
and longitudinal 

E. Organization In general, the medulla may be conveniently 
divided into a segmental level, consisting of the efferent nuclei, 
and afferent ganglia with their nerve fibres and central conncc 
tives (interncuroncs), and a suprasegmental level consisting or 
their connections with the cerebellum, midbrain, and forebrain 

n SEGMENTAL LEVEL. Includes the central and peripheral 
portions of the crannl nerves, the efferent nuclei, the afferent gan 
gha, and their mtcrnuncial connections 
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SEGMENTAL LEVEL 

A The Efferent Gray Column The efferent nerve nuclei are situ- 
ated in the original basal plate, and may be embedded m either 
central gray or reticular substance, 

1 The Hypoglossal Nucleus is a long column of large mulu- 
polar neurones, lying dorsall) in the media! (somatic) col- 
umn close to the median raphe, extending throughout the 
lower two-thirds of the medulla Its efferent fibres emerge 
as a senes of rootlets between olives and pyramids, to form 
the hypoglossal nerve supplying the somatic tongue mus- 
cles 

2. The Ventral Vagus (Ambiguus) Nucleus is a thin column 
of large neurones in the lateral (visceral) motor column 
deep in the reticular gray, approximately coextensive with 
the hypoglossal nucleus Its fibres run first dorsal then lat- 
eral to emerge near the dorsolateral sulcus as a senes of 
filaments, which arc included in the motor portions of the 
glossopharyngeal, vagus, and bulbar accessory nerve. They 
supply the striated visceral muscles of larynx and pharynx. 

3 The Dorsal Vagus Nucleus is a column of small (visceral 
motor) cells in the central gray, lateral to and partially co- 
extensive with the hvpoglossal nucleus Its small finely 
myelinated fibres course lateralvvard and are joined by ven- 
tral vagus fibres They are parasympathetic preganglionic 
fibres to the terminal ganglia of the vagus, in thoracic and 
upper abdominal viscera 

‘ 1 The Inferior Sahvatory Nucleus is located laterally in the 
basal plate The actual neurones have not been recognized. 
It supplies parasympathetic preganglionic fibres to the otic 
ganglion (bv way of glossopharyngeal root and Jacobsons 
tympanic nerve) 

B The Afferent Gray Column consists of the afferent ganglia 
located outside of the central nervous system Their several com 
ponents will be considered with the crania! nerves Their cen 
tral axons enter the medulla m the lateral roots of the V 3 gus 
and glossopharyngeal nerves where their ascending and de- 
scending branches effect collateral and terminal synapses with 
neurones of the association column (terminal nuclei) 
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m SUPRASEGMENTAL LEVEL. This includes the association 
nuclei (m which terminate the afferent nerve fibres) with their 
ascending fibre systems, and the descending systems from higher 
centers to the motor nuclei 

A Association Gray Column The terminal nuclei of the afferent 
nerves are situated m and are derived from the embryonic alar 
plate Each nucleus is closely associated with a root composed 
of ascending or descending branches of the afferent nerve fibres 
The column corresponds to and is continuous with the dorsal 
gray column (‘dorsal horn’) of the cord 

1 The Nucleus Gracilis is a column of medium sized neu 
rones in the dorsal funiculus of the lower medulla It re 
ccives the terminals of the fasciculus gracilis 

2 The Nucleus Cuneatus consists of a thick column, similar, 
but lateral and superior to the nucleus gracilis It receives 
the terminals of the cuncate fasciculus 

3 The Lateral Cuneate Nucleus is a small aggregate of large 
neurones lateral to the upper portion of cuneate nucleus It 
corresponds to Clarkes nucleus of the thoracic cord, and 
receives proprioceptive afferents (collaterals?) from cervical 
nerves 

4 The Spinal Trigeminal Nucleus consists of substantia gela 
tinosa, continuous with that of cord, and extends through 
out the medulla deeply lateral in the alar plate Receives 
the descending branches of most trigeminal afferents (the 
spinal trigeminal root) as well as small contributions from 
Cr VII, IX, and X (Arnold s auricular nerve) 

5 The Spinal Vestibular Nucleus is located in the upper 
medulla, in the dorsolateral part of the alar phte region It 
receives the spinal vestibular root, consisting of small bun 
dies of descending vesubular nerve fibres 

6 The Solitary Nucleus consists of a thin column of gelat 
mous substance deep in medial portion of alar plate region, 
parallel to and approximately coextensive with the hypo- 
glossal nucleus Receives the tractus sohtarius containing 
visceral afferent root fibres (including taste) from the fa 
ctal, glossophar)ngcal, and vagus nerves 

B Secondary Nuclei The olivary, arcuate and lateral reticular 
nuclei are not directly related to the afferent root fibres, and 
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(5) Reticulocerebellar fibres From lateral reticular 
nucleus of the same side. The above five tracts are 
contained in the restiform body 

(6) Ventral spinocerebellar tract. This does not 
join the restiform body, but runs through the lat 
eral white area, dorsal to the olives, and into the 
pons 

(7) Arcuocerebellar fibres Probably ascend in the 
median raphe and cross the ventricular floor as 
medullary striae. 

b To the midbrain The spinotectal pathway runs 
through the lateral white area dorsal to the olives 
Spmo* and bulbo-tectal pathways are little known 
c. To the forebrain. 

(1) Medial fillet A large group of fibres from the 
gracilis and cuneate nuclei course ventrally and 
medially as internal arcuate fibres They cross the 
median raphe and turn abruptly forward, forming 
a paired vertical column, the medial fillet , ascend 
mg to the thalamus This is the second step of the 
proprioceptive path to the forebram 

(2) Ventral spinothalamic tract Continuous from 
ventral funiculus of cord, this tactile pathway may 
be associated with the medial fillet 

(3) Lateral spinothalamic tract The pain and tern 
perature pathway lies in the lateral area dorsal to 
the olive. 

(4) Trigeminothalamic tract Fibres from the spinal 
tngemtnal nucleus cross the median raphe and 
probably ascend near the opposite lateral spino- 
thalamic tract 

(5) Sobtanothalamic tract Secondary afTerents from 
the nucleus sobtanus, including the taste fibres, to 
the thalamus The location of the pathway is un 
known, but the taste fibres probably end in the 
medial posterior ventral nucleus of the thalamus 

2. Efferent Pathways. 

a. From the cerebellum. The cerebellum is only indirectly 
represented in the efferent s) stems of the medulla Ef 
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ferent pathways with secondary cerebellar connections 
include 

(1) Vestibulospinal tract- These fibres form a dis 
persed group deep in the medulla dorsal to the 
oli\e 

(2) The medial longitudinal bundle lies close to the 
midhne, \entromcdian to the hypoglossal nucleus 
and conunues into the ventral funiculus of the 
cord 

(3) Rubrospinal tract A small tract, deep in the lat- 
eral white area, dorsal to the olive 

(4) Reticulospinal tract Fibres from \anous re 
ticular nuclei, probably including those with cere- 
bellar connecuons 

b From the midbrain The tectospinal tract lies near the 
median raphe, between the medial longitudinal bundle 
above and the medial fillet below The position of 
tectobulbar fibres is not know n 
c. From the forehram 

(1) The corticospinal tracts emerge from the pons 
as the pyramids in the ventral white area In the 
lower medulla the major portion of each tract 
crosses the median ventral sulcus and turns dorsal 
and lateral into the opposite lateral funiculus of 
the cord The pyramidal decussation is just below 
the decussation of the medial fillet The small un 
crossed portion of pyramids continues as the ven- 
tral corticospinal tract 

(2) Corticobulbar tracts Detached bundles of the 
cortical efferents course more dorsally and cross to 
reach the motor nuclei of the medulla 

(3) Cortico-arcuate fibres. Fibres from the cortico- 
pontine system reach the arcuate nuclei 

(4) Central tegmental (thalamo-olivary) tract Con 
tains several components, one of which ends exten 
sively in the inferior olives (rubrorcticulo-olivary 
tract) 
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I GENERAL ARRANGEMENT The pons is clearly separable 
into a dorsal tegmentum and a ventral pars basilans pontis 
A Tegmentum The pontine tegmentum is directly continuous 
with the medulla, and contains many of the same elements It 
is enclosed on ventral and lateral sides by the pons basilans and 
pons arms, which partly obliterate the sulci and more obvious 
white areas seen in the medulla The tegmentum contains the 
gray efferent and association columns as well as white pathways 
The ventricular surfaces of these columns form the central gray, 
and the deeper portions the reticular gray It may be divided, as 
was the case in the medulla and cord, into two levels 

1 The Segmental Level consists of the afferent ganglia and 
the efferent nuclei with their respective roots, between 
which xnterncurones are interpolated 

2 The Suprascgmcntal Level consists of the major portion o£ 
the association column with its terminal nuclei, their af 
ferent connecuons to higher centers, and the efferent tracts 
bach to the motor column 

B Pons Basilans The pontine mass consists of large irregular 
nuclei, separated by transverse fibre tracts The nuclei receive 
direct corticopontine fibres which end in the homolateral pon 
tine nuclei From these nuclei fibres cross forming horizontal 
bands which converge into the opposite pons arms to reach the 
cerebellar hemispheres The corticospinal tracts traverse the pars 
basilans, and the trigeminal and abduccns nerves also pass 
through it 

n SEGMENTAL LEVEL. 

A The Motor Column The efferent nuclei he in the basal plate 
area of the tegmentum, which for the most part consists of cen 
tral gray and reticular substance 

1 The Abduccns Nucleus lies in the dorsal reticular area of 
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the lower pons Fibres from its large multipolar neurones 
pass ventral ward to emerge at the ponto-mcdullar) junction 
as the abducens nerve to the lateral rectus muscle Between 
the nucleus and the median raphe he the facial nerv e and 
the medial longitudinal bundle 

2 The Facial Nucleus is a large aggregate of small nuclear 
masses tying in the deep lateral part of the basal plate m 
the lower pons Its fibres first run dorsomedially toward the 
facial nucleus, around which the) cun e as the internal genu 
of the facial nene, and then ventrolateral between the basal 
and alar plates Emerging in the lateral root senes, its fibres 
suppty the striated visceral muscles of facial expression, and 
the stapedius 

3 The Motor Tngeminal Nucleus is situated far lateral in 
the motor plate of the central pons Its efferent fibres course 
\entrolaterally to emerge in the lateral root series They 
form the portio minor tngemmi which supplies the stnated 
usceral muscles of mastication, and the tensor tympani 

4 The Supcnor Salnatory Nucleus. The parasympathetic 
preganglionic fibres to the sphenopalatine and submaxillar) 
ganglia arise from cells located in the lateral part of the 
motor column, and emerge in the nerv us mtcrmedius 
facialis 

1 The Afferent Column Most of the afferent neurones are located 
as usual in peripheral ganglia (spiral organ of Com, Scarpa s, 
geniculate, and gasserian ganglia) However, in the alar plate 
region of the upper pons and midbrain, there is a long thin 
column of afferent monopolar ganglion cells This mesen 
cephalic nucleus of the trigeminal nene consists of neurones 
whose fibres arc earned in several parts, including alveolar 
branches of the fifth nerve Its terminal nucleus and secondary 
afferent connections arc unknown Collaterals from the afferent 
fibres arc said to reach the motor nuclei of the trigeminal and 
facial nencs The afferent fibres form a conspicuous tract (the 
mesencephalic root) alongside of the large ganglion cells 
The terminal fibres of the afferent column (ganglia) end in 
the terminal nuclei of the association column The) accompanj 
terminal nuclei as spinal vestibular and spinal trigeminal roots 
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IH. SUPRASEGMENTAL LEVEL. 

A. The Association Column The terminal nuclei he in the alar 
plate region forming the association column of the pons The 
association column of the upper pons is essentially lacking, as 
this part of the alar plate forms the embryonic cerebellum 
1 The Trigeminal Nuclei. 

a Spinal trigeminal nucleus Situated deeply lateral, it 
continues from the medulla half way up the pons pass- 
ing dorsolateral to the facial nucleus, and ending lateral 
to the motor trigeminal nucleus It is accompanied b) 
the spinal root of entering root fibres, composed mosdy 
of small mcdullated fibres 

b Principal sensory’ nucleus Situated lateral to the motor 
trigeminal nucleus, it is continuous with the upper end 
of the spinal nucleus The trigeminal nerve extends 
ventrolateral from the principal and motor nuclei, 
between which run the mesencephalic root fibers 
c. The terminal nucleus of the mesencephalic root is un 
know n 

2. The Vestibular Nuclei The vestibular portion of the audi 
tory nerve enters a group of reucular nuclei termed the 
vestibular mass It is composed of four nuclei which are 
only partially terminal in nature They receive fibres from 
the cerebellum as well as from the vesubular nerve From 
the nuclei emerge not only afferent fibres to higher centers 
but also efferents to the motor nerve nuclei 
a Medial vestibular nucleus (of Schwalbe) Situated in 
central gray in upper medulla and lower pons 
b Lateral vestibular nucleus (of Deiter) Situated be 
tw een the medial nucleus and the rcstiform body 

c. Superior vestibular nucleus (of Bechterew) Contmu 
ous with and just above the lateral and medial nuclei 

d. Inferior (spinal) vestibular nucleus. Situated in me 
dulla described therewith The entering vestibular 
fibres bifurcate, the descending fibres forming the spinal 
vestibular root to the medial, lateral and inferior nuclei 
The ascending branches go not only to the superior 
nucleus but also form direct fibres to the cerebellum 
(flocculus) 
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3 Cochlear Nuclei The cochlear nuclei receive the spirally 
twisted cochlear nerve root, each fibre of which bifurcates 
into an ascending and a descending branch 
a Dorsal cochlear nucleus (Tuberculum acousticum) 
Partially encircles the dorsolateral aspect of the rest! 
form body at the ponto-meduliary angle Receives the 
descending cochlear fibres 

b Ventral cochlear nucleus Ventrolateral to the restiform 
body Receives the ascending branches of the cochlear 
root fibres 

B Secondary Nuclei Several prominent nuclei do not primarily 
receive afferent nerve fibres The largest of these are the great 
pontine nuclei 

1 Pontine Nuclei These irregular cell masses form a large # 
part of the pontine mass They are cerebellar dependencies 
receiving the cortico-pontine tracts, and sending their fibres 
to the opposite cerebellar hemisphere 

2. Superior Olives This small nucleus is situated deep m the 
reticular substance of the lower pons, ventromedial to the 
facial nucleus It receives fibres from the cochlear nuclei and 
perhaps some direct cochlear nerve fibres It sends fibres to 
the medial longitudinal bundle, abducens nucleus, and 
other motor nuclei 

3 The Trapezoid Nuclei These small nuclei are closely as- 
sociated with the superior olives 

4 Nucleus of the Lateral Lemniscus Small nuclei along the 
lateral fillet 

5 Nucleus Pigmentosis Pontis This column of pigment-con- 
taining cells lies closely medial to the mesencephalic tngem 
inal nucleus, with which it is sometimes confused It hes 
in the locus caeruleus Its connections are unknown 

C. The White Columns The pathway, while in general con 
tinuous with those of the medulla have suffered some rearrange- 
ment in the pons The) may be divided into afferent and effer- 
ent suprasegmental pathwa)s 
1 Afferent Tracts 

a To the cerebellum The restiform bod) and pons arm 
reach the cerebellum by way of the pons 
(1) Restiform body At the lower end of the pons 
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the restiform body turns dorsally, to become the 
inferior cerebellar arm Its components have been 
discussed with the medulla 

(2) Juxtarestiform body Medial to the restiform 
body fibres from the superior and lateral vestibular 
nuclei circle dorsally to form an inner cerebellar 
arm, or vestibulo-cerebellar tract 

(3) Ventral spinocerebellar tract Continues from the 
medulla, in deep pontine tegmentum, to middle 
pons, lying ventral to the facial and tngeminal 
nuclei It hooks dorsally around the central part of 
the trigeminal nerve, and externally around the 
superior cerebellar arm into the cerebellum 

(4) Pons arm The large transverse bundles of the 
pons basilans course dorsally into the pons arm to 
reach the cerebellar hemispheres 

b To the midbrain 

(1) The spinotectal tract Continues up through the 
pons in the ventrolateral tegmentum 

(2) Bulbotectal tracts are practically unknown 

(3) The lateral fillet has collateral connection with 
the midbrain tectum, but will be considered with 
the forebram 

c. To the forebrain 

(1) The medial fillet Continues up through the 
pons between the tegmentum and the pons basi 
laris The base of each fillet, no longer between the 
inferior olives, spreads out lateral and dorsal, until 
each originally \ertical fillet becomes horizontal 

(2) The lateral spinothalamic tract, continuing in 
the same ventrolateral position as m medulla, be 
comes associated with the lateral part of the medial 
fillet as it twists horizontally 

(3) The ventral spinothalamic tract is presumed to 
be associated with the medial fillet 

(4) Trigeminothalamic fibres from the spinal tri 
gcminal nucleus travel close to the opposite latera 
spino-thalamic tract Those from the main trigenu 
nal nucleus course in a more dorsal tegmental path 
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(5) The lateral fillet Second order neurones from 
the cochlear nuclei form the suprasegmental audi- 
tor) pathway to the thalamus Some fibres from 
each cochlear nucleus cross ventral to the facial 
nuclei close to the superior dues, and turn forward 
toward the thalamus lateral to the medial fillet 
Other fibres join the lateral fillet uithout crossing 
Each fillet thus contains both the homolateral and 
contralateral fibres The auditor) decussation passes 
honzontall) through the longitudinal medial fillet, 
the combined structure forming the trapezoid body 
Collaterals (and terminals ? ) enter the superior 
olives, and trapezoid nuclei The superior olives 
send fibres to the medial longitudinal bundles and 
motor nuclei In the midbrain, collaterals from the 
medial fillets enter the inferior colliculi 
2 Efferent Pathways. 

a From the cerebellum There are both direct and in- 
direct cerebellar tracts in the pons 

(1) The superior cerebellar aims (Brachia conjunc- 
tiva) emerge from the cerebellum to form the 
lateral walls of the fourth ventricle in its upper 
pontine portion Across them is the anterior medul- 
lar velum forming the upper ventricular roof As 
the ventricle narrows into the cerebral aqueduct, 
the arms curve ventrall) into the midbrain tegmen 
turn The) contain the dentate rubro-thalamic path 

W3)S 

(2) Cerebellorestibular fibres enter the pons both 
medial and lateral (uncinate bundle) to the su 
perior cerebellar arm 

(3) The rubrospinal tract has secondar) cerebellar 
connections It is a small tract m the ventrolateral 
tegmentum, ventral to the facial nucleus 

(4) Medial longitudinal bundle. This tract lies close 
to the ventricular floor beside the median raphe 
It carries a vanet) of fibres, but man) of them 
come from vestibular nuclei, and man) end in the 
nuclei of the nerves to the external ocular muscles 
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Others descend into the cervical cord Among other 
components, each tract contains 

(a) Descending fibres from the contralateral spi 
nal vestibular nucleus 

(b) Descending and ascending fibres from the 
contralateral medial vestibular nucleus 

(c) Ascending fibres from the homolateral supe 
rior vestibular nucleus Fibres from the superior 
olives also run in this tract 

(5) Vestibulospinal tracts descend from both lateral 
and medial vestibular nuclei 
b From the midbrain Tectobulbar and tectospinal tracts 
descend through the tegmentum just ventral to the 
medial longitudinal bundle 
c. From the forebrain 

(1) The corticospinal tracts enter the pons from the 
cerebral peduncles They travel directly through the 
pons basilaris, giving off collaterals, and enter the 
medulla as the pyramids 

(2) Corticobulbar tracts enter the pons between the 
medial fillets While most of their fibres cross to the 
contralateral motor nuclei, the facial nuclei repre 
senting the muscles of the upper face receive both 
contra and homolatcral fibres 

(3) The corticopontine tracts enter the pons basilaris 
as three bundles on each side The medial pre 
fronto-pontme, the precentro-pontine and the lateral 
temporo pontine tracts reach the homolateral pon 
tine nuclei, whence pontine fibres cross to the con 
tralateral cerebellar hemispheres 

(4) The thalamo-olivary tract (central tegmental 
bundle) occupies a conspicuous area in the reticu 
lar tegmentum, dorsal to the medial fillet 





VI 
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I GENERAL STRUCTURE The tegmentum of the midbrain is 
conunuous with that of the pons The cerebral aqueduct is sur- 
rounded by centra! gray, and reticular gray is extensive more ven 
trally The substantia nigra separates the tegmentum from the basis 
peduncuh Dorsally lies the lamina quadrigemma 
A The Basal Plate area is occupied by reticular gray and the 
lower half of the central gray The trochlear and oculomotor 
nuclei lie in or close to the latter The medial fillet, lateral fillet, 
and the dentate rubro-thalamic tracts run through, and the red 
nuclei he within, the reticular substance 
B The Alar Plate area includes the dorsal half of the central gray 
and the lamina quadrigemma 

C. The Segmental level is represented by the large afferent gan 
glion cells of the mesencephalic root of the trigeminal nerve, and 
the nuclei and fibres of trochlear and oculomotor nerves 

II THE MOTOR COLUMN The trochlear and oculomotor nu 
dei represent the upper end of the efferent column which is continu 
ous in cord but formed by separately spaced nuclei in the brain 
stem 

A Trochlear Nucleus Small, compact m deep central gray close 
to the midline Its efferent fibres pass dorsally in the central gray 
and decussate at the upper extremity of the anterior medullary 
velum The fibres supply the superior oblique muscle 
B Oculomotor Nucleus. This large wedge shaped column is com- 
posed of several cell groups lying in the central gray opposite 
the superior colliculus It is composed of a lateral somatic 
column on each side, and a medial nucleus in the midline 
A small-celled parasympathetic nucleus on each side lies dorso- 
mcdial to the somatic column Each oculomotor nerve receives 
fibres from each lateral nucleus as well as fibres from the 
median and visceral nuclei The fibres form separate bundles 
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which pass ventrally between or through the red nuclei and 
emerge between the peduncles 

1 Somatic Nuclei. The several external ocular muscles are 
represented in order in the nuclei Levator palpabrae, Sup 
rectus, Medial rectus. Inf oblique and Inferior rectus The 
medial cell mass is the nucleus of Perha, and is concerned 
with convergence while the lateral nuclei bring about con 
jugate movements Many fibres cross to enter the contra 
lateral nerve 

2 Visceral Nucleus The Edinger-Westphal nucleus contains 
the parasympathetic preganglionic neurones to the ciliary 
ganglion, each fibre running to one or two ganglion cells 
They are concerned with pupil constriction and lens accom 
modation 

III. THE AFFERENT COLUMN The eye muscles contain manj 
afferent endings, and apparently their fibres run through the ocu 
lomotor and trochlear nerves The ganglion cells have not been rcc 
ognized, and their central connecuons are unknown The mesen 
cephalic root of the trigeminal nerve contains large neurones on the 
lateral edge of the central gray as far up as the oculomotor nucleus 
Their connections are unknown 

IV ASSOCIATION COLUMN Terminal nuclei are unrecog 
nized above the middle pons Probably an internuncial system is 
interposed between the mesencephalic afferents and motor nuclei 
The alar plate is largely concerned with formation of the cerebellum 
and lamina quadrigemma in this region 

V SECONDARY NUCLEI Several large nuclei are found in or 
close to the tegmentum, and the reucular substance is a widespread, 
diffuse nuclear mass 

A The Reticular Substance forms a large central area in the mid 
brain and extends forward into the subthalamus The lowtf 
portion continuous with the pons contains the decussation o 
the dentate rubro-thalamic tracts The upper portion contains 
the red nuclei which project into the thalamus Many smaler 
nuclei are differentiated within it, including the tegmental an 
interpeduncular nuclei The reucular substance receives n rcs 
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from the red nuclei and substantia nigra and forms reticulo 
bulbar and reticulo-spmal tracts 

B The Red Nucleus is a large rounded cylinder consisting of 
several cell groups, situated in midbrain and thalamus Bundles 
of oculomotor fibres pass through it (as does also the habenulo- 
peduncular tract) 

1 The Nucleus Ruber Magnocellulans is a small group of 
large neurones in the posterior part giving nse to the rubro- 
spinal tract 

2 The Nucleus Ruber Parvicellulans consists of a large lat- 
eral part (origin of the rubrorettculo-ohvary tract), and a 
medial part from which arise rubro-occulomotor fibres 

C. The Substantia Nigra is an extensive lamina of gray matter 
separating the basis peduncuh from the tegmentum It contains 
several cell groups including large pigmented cells, and areas 
of small inconspicuous neurones Many of its fibres enter the 
reticular substance 

D The Interstitial Nucleus of Cajal and Commissural Nucleus 
of Darhshevitch are situated close to the central gra), dorso- 
medial to the red nucleus Fibres from these nuclei enter the 
medial longitudinal bundle 

VI THE CORPORA QUADRIGEMENA consist of paired supe 
rior and inferior colliculi, from which the brachia quadngemmae 
extend to the thalamus The inferior colliculi are large rounded 
nuclei, and the superior colliculi consist of alternating gra) and 
white la)ers Each has afferent and efferent connecuons with brain 
stem and cord The superior colliculus receives optic fibres, and the 
inferior receives collaterals of secondar) cochlear neurones 

VII WHITE COLUMNS Spinotectal tracts end, and tectospinal 
and rubrospinal tracts begin in the midbrain 

A Afferent Tracts. 

1 To the cerebellum The corticopontine tracts in the basis 
peduncuh are afferent to the cerebellum but wall be con 
sidcred with the forebram efferents 

2 To the midbrain Spinotectal and bulbotectal tracts reach 
the corpora quadrigemtna In addition, the lateral fillets 
send collaterals to the inferior colliculus, w hile optic fibres 
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reach the superior colliculus through the superior quadri 
geminal arm 

3 To the forebrain The ascending thalamic tracts arc situ 
ated m the reticular substance 
a. The medial fillet courses on the ventral surface of the 
tegmentum It forms a broad horizontal band of longi 
tudmal fibres in the lower midbram but as it approaches 
the thalamus its lateral side turns dorsaliy Several other 
tracts are associated with the medial fillet 

(1) The lateral spinothalamic tract runs with the 
lateral part of the fillet 

(2) The ventral spinothalamic tract is presumed to 
course with the fillet 

(3) The ventral trigeminothalamic tract contains 
fibres from the spinal trigeminal nucleus 

b The dorsal trigeminothalamic pathway containing 
fibres from the mam sensory nucleus lies close to the 
central gray 

c. The lateral fillet courses on the lateral side of the 
reticular substance, and turns dorsaliy toward the m 
fenor colliculus in which collaterals end The tract con 
tinues to the medial geniculate body of the thalamus 
in the inferior quadrigeminal arm 
B Efferent Tracts 


I From the cerebellum. 

a The brachium conjunctivum consisting primarily of 
the dentate rubro thalamic tract, curves ventrally from 
the pons into the midbrain, where the tract from each 
side decussates m the central tegmental region Its con 
tralateral course runs directly to the red nucleus and 
thalamus, after giving off descending collaterals 
b The rubrospinal tract is a small bundle from the large 
celled part of the red nucleus It crosses just ventral to 
the dentate rubral tract as the ventral tegmental decut 
sation of Ford and courses in the ventrolateral teg 


mentum to the medulla and cord 
c. The medial longitudinal bundle is a prominent tract 
just ventral to the trochlear and oculomotor nuclei, in 


[48] 





WHITE COLUMNS 


which many of its fibres end Others enter the tract 
from the interstitial and commissural nuclei 
2. From the midbram From the superior (and inferior ? ) 
colliculi arise tectospinal fibres which course ventralK 
around the central gray, and cross dorsal to the dentate 
rubral tracts as the dorsal tegmental decussation of Meynert 
Tectobulbar fibres also leave the midbrain roof 
3 From the forebram The basis pedunculi contains the 
corticobulbar, spinal, and ponune tracts 
a The corticobulbar tracts he in the medial, and dorso- 
lateral parts of the peduncles Fibres cross to end in 
oculomotor and trochlear nuclei, while others descend 
into the pons between the medial fillets 
b The corticospinal tracts forms the central portion of 
each peduncle 

c. The prefronto-, precentro-, and temporo-pontme tracts 
he in the medial, intermediate, and lateral parts of the 
peduncles 

d The thalamo-olivary tract appears in the reticular sub 
stance dorsal to the red nucleus and dentate rubral de 
cussauon, passing into the ponune tegmentum It re 
ceives many fibres from the red nucleus 
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L ARRANGEMENT The cranial nenes differ considerably from 
the spinal nerves not only in form but also in components The) 
emerge from the brain stem in a ventral and a lateral senes 
A Ventral Senes. The third, fourth, sixth and twelfth nenes 
Iea\ e the neural axis nearly in line with the v entral spinal root 
senes, to which they are somewhat similar They innenate 
(motor and proprioceptive fibres) the somatic muscles of the 
head The oculomotor nene also carries preganglionic paras) m 
pathetic fibres to the ciliary ganglion 
B Lateral Senes. The fifth, seventh, ninth, tenth, and eleventh 
nerves emerge laterally nearly in line with the dorsal roots of 
the cord They represent the nerves of the embr)omc branchial 
arches, innervating the striated visceral muscles of each arch and 
the epithelium of the visceral pouches, and also the shin of 
the face. The musculature of the arches includes the muscles 
of mastication (first arch, trigeminal nene), of facial expres- 
sion (second arch, facial nene), upper pharyngeal constrictors 
and stylopharyngeus (third arch, glossopharyngeal nene), and 
lar)ngopharyngeal muscles (fourth and fifth arches, vagus 
accessory nene) The shin of the face is almost completely m 
nenated by the trigeminal nene The facial, glossopharjngeal 
and vagus share in the inncnation of a part of the external ear 
C. The Acoustic Nervey consisting of cochlear and vestibular di 
visions, enters the brain stem dorsal to the lateral senes 

II. CRANIAL NERVE COMPONENTS The cranial nenes con 
tain not only the four general components (afferent and efferent 
divisions of somatic and visceral categories) but also special viscera 
efferent and afferent and special somatic afferent. 

A The Sev en Components may be listed as follows 

I Somatic Efferent To somiuc muscles 
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2. Special Visceral Efferent To striated viscera! mus- 
(Branchiomenc) cles of the branchial 

arches These muscles 
develop from lateral 
plate mesoderm and 
surround the cranial 
end of the gut. 

3 General Visceral Efferent Preganglionic paras) mpa 

thetic To smooth and 
cardiac muscle, and 
glands 

4 General Somatic Afferent Cutaneous fibres and pro- 

pnocepuv es from so- 
matic muscle 

5 Special Somatic Afferent Fibres from cochlear and 

vestibular organs Also 
the optic nerve 

6 General Visceral Afferent Pam and tactile fibres 

from visceral surfaces 
(Also propnoccptivcs 
in branchiomeric mus- 
cles ) 

7 Special Visceral Afferent Taste fibres (Also the 

olfactorj nerve fibres) 

B Summary of the Cranial Nerves. Although twelve cranial 
nerves arc numbered, a thirteenth Ncritts Terminalis is asso- 
ciated with the olfactory nerve 

I Olfactory Nerve (and Nervus Tcrmmahs) Special visceral 
afferent neurones in the nasal mucous membrane, enter the 
olfactory bulb 

II Optic Nerve Special somatic afferent neurones are situated 
in the retina The) are not homologous to other afferent 
neurones and the optic nerve itself is a tract of the brain 

HI Oculomotor Nen e. 

a. Somatic efferent neurones from oculomotor nuclei in 
eluding nucleus of Perha to most of the extrinsic mus- 
cles of the eve 

b General visceral efferent- Preganglionic paras) mpa 
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theuc fibres to ciliary ganglion from Edingcr Westphal 
nucleus 

c. General somatic afferent Proprioceptive fibres from 
extrinsic eye muscles Small ganglia lie on oculomotor 
nerve branches 

IV Trochlear Nerve. 

a Somatic efferent. From trochlear nucleus dorsally and 
across anterior medullary velum to contralateral supe 
nor oblique muscle 

b General somatic afferent Proprioceptive fibres from 
superior oblique muscle 

V Tngeminal Nerve. Consists of a large afferent Porno 
major and a small efferent Portio minor 

a Special visceral efferent From motor nucleus of fifth 
nerve to mastication muscles and tensor tyxnpani (In 
portio minor ) 

b General somatic afferent Cutaneous fibres with cell 
bodies in the gasserian ganglion, distributed to the shin 
of the face through ophthalamic, maxillary and man 
dibular branches 

c. General visceral afferent 

1 Proprioceptive fibres from the mastication mus 
cles Their cell bodies arc situated m the lower part 
of the mesencephalic trigeminal nucleus 
Z Fibres of general sense from anterior tno-thirds ol 
the tongue Many fibres from the palate, teeth, and 
paranasal sinuses have cells of origin in the upper 
part of the mesencephalic nucleus 

VI Abducens Nucleus. 

a Somatic efferent Fibres from abducens nucleus to the 
lateral rectus muscle 

b General somatic afferent Proprioceptive fibres from 
lateral rectus 

VIE Facial Nerve, Includes the partially separate nervus in 
termedius 

a Special \ tsceral efferent Fibres of the facial nucleus to 
the muscles of facial expression, and the stapedius 

b General visceral efferent Preganglionic parasympa 
thetic fibres from the superior sahvatory nucleus by 
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wa) of nenus mtermedius to sphenopalatine and sub- 
maxillar) ganglia 

c. General somatic afferent. Cutaneous fibres from small 
part of the external ear, with cell bodies m geniculate 
ganglion 

d General visceral afferent. Proprioceptive fibres from 
the facial muscles 

e. Special visceral afferent. Taste fibres from anterior two- 
thirds of tongue b) wa) of chord-t) mpam and nerv us 
intermedius 

Vni The Acoustic Nene Special soraauc afferent, consis s 
of two divisions 

a. Vestibular nene. Fibres from enstae and maculae o c 
the vestibular apparatus, bipolar cells in Scarpa s gan 
glion Fibres enter vestibular nuclei 
b Cochlear nerve. The fibres from the bipolar cells o c 
the spiral organ of Corn, in passing to the cochlear 
nuclei, take a spiral course, unwinding the cochlear 
spiral 

IA. Glossopharyngeal Nene. / 

a General visceral efferent neurones from inferior saliva 
tor) nuclei through the tvmpamc plexus Preganglonu 
paras) mpatheuc to the otic ganglion m 
b Special visceral efferent neurones from ventral vagus 
(ambiguus) nucleus to st)lophanngeus muscle (pos- 
sibl) upper pharyngeal constrictors also) 
c. General somatic afferent. A few fibres from external 
ear (Arnolds nene) cells m superior ganglion end in 
spinal trigeminal nucleus (or nucleus solitarius ') 
d General visceral afferent. Fibres from posterior one 
third of tongue, and from upper phar)ngeal plexus 
cells in the petrosal ganglion end in nucleus solitarius 
e. Special visceral afferent. Taste fibres from posterior 
one third of tongue, cells in petrosal ganglion, end m 
nucleus solitarius 

X. Vagus Nene. 

a General visceral efferent. Preganglionic parasvmpa 
thetic fibres from dorsal vagus nucleus to terminal gan 
glia in thoracic and upper abdominal viscera 
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b Special visceral efferent Neurones from ventral vagus 
(ambiguus) nucleus to the striated visceral muscles of 
larynx and pharynx 

c. General somatic afferent A few fibres from external 
ear (Arnold s nerve), cells in superior ganglion, end m 
the spinal trigeminal nucleus (nucleus solitanus ?) 

d. General visceral afferent Afferent fibres from larynx, 
pharynx, and thoracic and abdominal viscera, cells in 
nodose ganglion, end m nucleus solitanus 

e. Special visceral afferent Taste fibres from epiglottis, 
cells in nodose ganglion, end in nucleus solitanus 

XI Spinal Accessory Nerve. Consists of bulbar and spinal 
roots 

a General visceral efferent Preganglionic parasympa 
thetic neurones from dorsal vagus nucleus, join vagus 
by bulbar root 

b Special visceral efferent Fibres from ventral vagus 
nucleus, join vagus in bulbar root Also spinal root 

e. Special visceral efferent Neurones in motor column of 
upper cervical cord, form spinal root to stcrnocleido 
mastoid and trapezius muscles 

XII Hypoglossal Nucleus Somatic efferent neurones from 
hypoglossal nuclei to the tongue muscles 

III THE GRAY COLUMNS The cranial nerves take origin from 
two gray columns, the motor nuclei and the afferent ganglia Fibres 
from the latter end in the terminal nuclei of a third (association) 
column 

A The Motor Column consists of the efferent nuclei They may 
be divided into a somatic series and a visceral series 

1 The Somatic Nuclei form a series close to the median 
raphe The) innervate the somitic’ muscles from dorsal 
head mesoderm The oculomotor, trochlear, abducens and 
hypoglossal nuclei make up this medial column 

2 The Visceral Nuclei are situated m the lateral part of the 
basal plate (Exceptions the Edmger-Westphal nucleus lies 
close to the oculomotor nucleus, and embrjonically t c 
facial nucleus is media! ) They may be subdivided into 
special visceral nuclei whose fibres go to striated viscera 
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muscle, and general Msceral going to cardiac muscle 
smooth muscle, and glands 

a The special v isceral or branchiomenc nuclei form a Iat 
eral senes of large-celled nuclei, the trigeminal, facial 
and \entral \agu$ Their fibres run in the fifth, seventh 
ninth, tenth and eleventh ner\ es, to muscles demed 
from the lateral plate mesoderm which surround the 
anterior end of the digesme tract 
b The general visceral motor nuclei send parasvmpa 
thctic preganglionic fibres to the terminal ganglia ot 
the \agus nerve as well as to the ciliar), sphenopalatine, 
submaxillar) and otic ganglia The) innervate the tho- 
racic and upper abdominal Mscera, the salts ar) glands 
and the constrictor pupilac 

B Afferent Column The afferent ganglion cells lie for the mos 
part m the cranial ganglia The mesencephalic nucleus of the 
trigeminal ncr\e lies in the upper pons and midbrain The ol 
factor) cells lie in the nasal mucosa, and the optic neurones m 
retina The ganglia include the gassenan, geniculate Scarpa s 
spiral organ of Corn, the superior and petros ganglia of the 
ninth and the superior and nodose ganglia of the tenth nerves 
The components in the ganglia ma) be brief!) summarized 
1 Distribution 

a The general cutaneous neurones arc mostl) in the gas- 
serian ganglion A few arc situated in the geniculate 
and the superior ganglia of the ninth and tenth nerves 
b Proprioceptors, The situations of these neurones arc 
not well 1 nown Some ma) be m the gasserian gemeu 
late, and mesencephalic nuclei Others ma) be m the 
upper cervical spinal ganglia Small ganglia arc located 
along branches of the oculomotor nerve 
c. General visceral afferent. These include cells m the 
gassenan geniculate, petros and nodose ganglia 
d Special visceral afferent The cells of the taste fibres 
lie in the geniculate and petros ganglia, a few in the 
nodose. 

e Special somatic afferent. The cochlear neurones lie in 
the spiral organ of Com, the vestibular in Scarpa s 
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ganglion The) arc bipolar neurones, the cell bodies 
covered by myelin sheaths 

2. Embryology The cranial ganglia develop from se\ eral sepa 
rate rudiments 

a The neural crest gn es rise to general somatic afferent 
fibres 

b The auditory (dorsolateral) placode gives nse to the 
neurones of the organ of Com and Scarpa s ganglion 

c. The epibranchial (ventrolateral) placodes gi\e nse to 
visceral afferent neurones 

d The alar plate probably gives rise to the mesencephalic 
trigeminal nucleus 

e. The olfactory placode forms the olfactory neurones 
C. Association Column The afferent fibres end in terminal nuclei 
of the association column The fibres form central roots which 
may accompany a nucleus for some distance before terminating 
Many fibres bifurcate into ascending and descending branches, 
with many collateral before terminating The terminal assoaa 
tion nuclei form a medial visceral column, and a more lateral 
somatic column 

1 Visceral Column This consists of the nucleus solitanus 
and possibly some of the reticular substance The visceral af 
ferent fibres include taste, and general sensibility The for 
me r end m the upper, the latter in the lower part of the 
nucleus solitanus 

2 Somatic Column The general somatic afferents end in the 
principal and spinal trigeminal nuclei The auditory nerve 
fibres end in vestibular and cochlear nuclei In addition, 
the dorsal white columns of the cord end in the medulla 
(nuclei of Gall and Burdach) The external cuncate nuclei 
receive collaterals of cervical proprioceptive afferents 

a Tngeminal nuclei The nuclear mass is continuous 
with the substantia gelatinosa of the cord Its enlarged 
upper end is the ‘principal trigeminal nucleus just lat 
eral to the motor nucleus Cutaneous fibres from the 
trigeminal (also a few from the seventh, ninth an 
tenth) nerve form the closely investing spinal root 
These fibres include three types 

(1) Fibres which divide into ascending branches to 
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the principal nucleus, and descending branches to 
the spinal nucleus 

(2) Fibres of large diameters w hich end m the pnn 
cipal nucleus 

(3) Fibres of small diameters which end in the 
spinal nucleus Considerable evidence indicates that 
pain and temperature fibres comprise the latter 
group, while touch and pressure fibres end m the 
principal nucleus In a cross-section of the spinal 
tract, ophthalmic fibres are \entrallj, maxillary are 
mediall), and mandibular fibres more dorsallj 
placed 

b Vestibular nuclei The \estibular fibres divide into 
ascending and descending branches 

(1) Ascending fibres end m the superior \esnbular 
nucleus (and in flocculus) 

(2) Descending fibres end in lateral, medial, and 
spinal \estibuiar nuclei 

c. Cochlear nuclei The auditor) fibres also divide into 
ascending and descending branches 

(1) Ascending fibres enter the \entral cochlear 
nucleus 

(2) Descending fibres enter the dorsal cochlear 
nucleus The fibres from each part of the cochlea 
take a spiral course m the ners e to the same extent 
that each part of the cochlea is spiraled There is 
a point to point projection of the cochlea into the 
cochlear nuclei 
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THE CEREBELLUM 


I ORGANIZATION The cerebellum is a suprasegmenta! struc 
ture overlying the pons and upper medulla It is formed from the 
alar plates which become folded during the pontine flexure The 
posterior part forms the flocculonodular lobe and is related to the 
vestibular nerves and nuclei The larger anterior part forms the 
corpus cerebelh and receives the spinocerebellar tracts In mammals, 
the cerebellar hemispheres form large lateral extensions of the 
corpus, and receive the cortico-ponto-cerebellar tracts The cere 
bellura consists of a much foliated cortex, a central white or medul 
lary substance, and several basal nuclei It is an integrative center 
receiving afferent tracts from cord, brainstem, and cerebrum, and 
sending efferent projections (by means of the basal nuclei) to van 
ous effector systems 

n FLOCCULONODULAR LOBE Transverse fissures divide the 
cerebellum into several lobes, each of which is subdivided into trans 
verse lobules The posterolateral or uvulonodttlar fissure early sepa 
rates the posterior flocculonodular lobe from the larger corpus cere 
belli Consisting of the paired flocculi and median nodulus, it re 
ccives primarily vestibular root fibres, and is concerned with eqtn 
libration 

HI CORPUS CEREBELLI The principal part of the cerebellum is 
divided into anterior, middle and posterior lobes by tbe primary and 
prepyramidal fissures Each consists of many transverse lobules 
A The Anterior Lobe comprises the small Ungula close above 
the anterior medullary velum, and the larger central lobule an 
cttlmen 

B The Middle Lobe is separated from the anterior lobe by the 
primary fissure It comprises the large hemispheres {an so par a 
median lobules ) as well as the median lobules simplex folutnt 
and tuber The prepyramidal fissure separates the middle from 
the posterior lobe 
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C. The Posterior Lobe includes the median pyramts and uvula 
and their lateral extension, the paraflocaitus The posterolateral 
fissure separates the posterior from the flocculonodular lobe 

IV THE VERMIS The cerebellum is con\ emend) divided into a 
median vermis and lateral hemispheres Much of the vermis repre- 
sents the older parts of the cerebellum In a phylogenetic sense, the 
flocculonodular lobe ma) be designated the archicercbellum the an- 
terior and posterior lobes, the paleocerebellum and the middle lobe 
and hemispheres the ncocerebcllum These designations are based 
upon the disposiuon of the afferent and efferent tracts of the cere 
bellum, but there is much overlap and no sharp boundaries between 
them 

V THE CORTEX This gray stratum forms the entire external 
layer of the cerebellum Beneath it lies the afferent and efferent tracts 
constituting the white or medullary substance In a sagittal section 
the cortex is seen to extend into all fissures and cover all folia Each 
lobule consists of a central medullary substance covered by cortex, 
the total pattern forming the tree like arbor i itae The cortex is 
formed from mantle layer cells which migrate across the marginal 
stratum to form an external gray layer The histology of the cortex 
is uniform throughout, consisting of three layers, the outer plexi- 
form and inner granular laver, separated by a layer of Purfynje 
cells 

A The Purkinje Cells are large, isolated, flask shaped neurones, 
oriented with their bases resting on the inner or granular layer 
1 The Axon of each arises from the base, acquires a myelin 
sheath, crosses the granule layer, and enters the medullary 
substance Most end in the basal cerebellar nuclei, others 
turn back to the plexiform layer as ‘arcuate’ fibres Axon 
collaterals may return to the molecular layer, to synapse 
with other Purktnje cells 

2. The Dendntes, one or two are thick and highly branched 
extending across the plexiform layer All branching is in a 
sagittal plane, the dendrites of each cell forming a laterally 
flattened ‘tree * 

B The Plexiform Layer contains extrinsic fibres as well as in 
trinsic neurones 
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1 The Purkinje Cell Dendntes are the most conspicuous fca 
ture Each forms a well separated individual tree 

2 The Climbing Fibres are long thin axon terminals applied 
to the Purkinje dendrites, and closely following the branch 
ing 

3 The Basket Cells are stellate or fusiform cells, with short 
bushy dendrites The axon runs in a sagittal plane, ending 
as a dense basket around the Purkinje cell bodies Small 
stellate cells occur in the outer part of the plexiform layer 

4 The Axons of Granule Cells extend from the granular 
layer into the outer plexiform layer, branch in T fashion 
into two transverse fibres which end on a large number of 
Purkinje or basket cells 

C The Granular Layer consists of densely packed small cells 
(granules) each of which has several short dendrites, and a long 
axon ascending into the plexiform layer The dendntes receive 
the axon terminals of mossy fibres whose short branched club 
shaped endings synapse with the spidery granule cell dendrites 
in ‘protoplasmic islands ’ The axons of Purkinje cells also run 
through the granular layer < 

D The Medullary Substance contains several fibre types 

1 The Purkinje Axons form the efferent projections of the 
cortex The majority terminate in basal cerebellar nuclei 

2. Arcuate Fibres are the axons of Purkinje cells which form 
short association paths to adjacent cerebellar lobules They 
probably end as climbing fibres on Purkinje dendntes 

3 Cerebellar Afferent Fibres These are from many subcere 
bellar sources, they end as m ossy__ fibres in the granular 
layer 


VI BASAL CEREBELLAR NUCLEI These form a transverse 
row deep in the medullary substance close above the fourth >cn 
tncle They receive most of the efferent Purkinje cell projection, and 
in turn project into the brain stem and thalamus They consist o 


large and small multipolar neurones 
A The Fastigial Nucleus The roof nucleus of each side is a 
rounded mass medially placed in the ventricular roof at t c 
level of the superior vestibular nucleus It receives Pur in ) c 
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fibres from the medial parts of anterior and posterior lobes, 
fibres from the \estibular nuclei, and perhaps collaterals from 
spinocerebellar tracts 

B The Intermediate Nuclei (Nucleus Interpositus) lie lateral to 
each fastigial nucleus The small globose and larger emboliform 
(paleodentate) nuclei recei\e Purhinje axons from the paleocere- 
bellum, particularly the more lateral parts of the anterior lobe 
C- The Dentate Nucleus is a large purse shaped crumpled plate, 
xvith hilus facing medial and anterior, placed lateral to the m 
termediate nuclei It recenes the Purhinje axons of the neocere- 
bellum, and also of the paraflocculus 

VII CEREBELLAR PATHWAYS The afferent and efferent 
tracts are contained in the three pairs of cerebellar peduncles 
A The Peduncles or cerebellar arms are large trunks containing 
a \anet) of separate tracts 

1 The Inferior Arm (Corpus restiform) contains mostl) af 
ferent tracts, primarily to the palcocerebellum 

2. The Middle Arm (Brachium pontis) consists almost en 
tirely of the large crossed pontocerebellar tracts to the hemi 
spheres 

3 The Superior Arm (Brachium conjunctivum) contains 
the major efferent cerebellar projections 

4 The Juxtaresuform Body is a medial part of the restiform 
body and contains the \estibular connections of the archi 
cerebellum 

B The Afferent Tracts end in roughly segregated areas of the 
cortex corresponding generally to the archi , paleo-, and neo- 
cerebellar diMsions 

1 To the Flocculonodular Lobe. 

a Vestibular root fibres to cortex of flocculus and nod ulus 
b Vestibulocerebellar fibres from \estibular nuclei to 
flocculus, nodulus (and also to lingula and u\ula of 
corpus ccrebelli) 

c. Vestibulofastigial fibres from \cstibular nuclei to fas 
tigial nuclei 

2. To the Anterior and Posterior Lobes of corpus ccrebelli 
a Ventral spinocerebellar tract Cunes around superior 
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arm to end enter the anterior lobe (Cuhnen and ccn 
tral lobule, few to Lingula and L simplex ) 
b Dorsal spinocerebellar tract From restiform body it 
enters both anterior and posterior Jobes (Most spino- 
cerebellar fibres cross m the cord Direct fibres cross m 
the cerebellar commissure) 
c. Dorsal external arcuate fibres Fibres from lateral cu 
neate nucleus enter restiform body 
d Ventral external arcuate fibres, from cuncatc, gncihr 
(and arcuate ?) nuclei, enter the restiform body 
e. Paleo-ohvo-cerebellar tract Internal arcuate fibres from 
the paleo (accessory) olives enter restiform body, and 
end in vermiform parts of both anterior and posterior 
Jobes 

f Reticulocerebellar tract Fibres mostly from the lateral 
reticular nuclei, course in restiform body 
g Tngemmocerebellar fibres (direct root fibres as well 
as nucleo-cerebellar fibres), probably end m paleo- 
cerebdlum 

3 To the Middle Lobe and Hemispheres 

a Pontocerebellar tracts The pontine nuclei receive tracts 
from association areas of frontal and temporal cortex 
and from the precentral gyms, as 'veil as collaterals 
from the corticobulbar and spinal systems Pontocere 
bellar fibres cross and form the pons arms to the oppo- 
site hemisphere 

b Neo-ohvo-cerebellar tract Internal arcuate fibres leave 
the principal olives, enter opposite restiform body and 
end m the hemisphere cortex There is a point to point 
projection of the olives into the cerebellar cortex 
c. Reticulocerebellar fibres from various tegmental nuclei 
also reach the hemispheres 

C. Efferent Cerebellar Pathways The cerebellar cortex projects 
upon the basal nuclei in a localized point to point manner e 
efferent tracts originate in the basal nuclei, with one exception 
1 From the Flocculonodular Lobe. 

a Angular bundle of Lowry Direct Purkinje cell axons 
in floccular peduncle to vestibular and reticular nuc ei 
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b Fastigiobulbar tract. Some fasugiobulbar fibres may 
have a flocculonodular ongin 

2. From the Anterior and Posterior Lobes. Medial parts of 
anterior and posterior lobes project into the fastigial nuclei, 
more lateral parts into the intermediate nuclei 

Hook bundle (uncinate fasciculus) of RusselL Crossed 
and uncrossed fibres from fastigial nuclei run forward 
and around superior arm, end in \ estibular and reticular 
nuclei 

b Fastigiobulbar tract. Other fastigial fibres run directly 
to v estibular and reticular nuclei 
c. Interpositorubral tract Fibres from the emboliform 
and globose nuclei course in the dorsal field of the 
brachnun conjunctiv um, decussate, enter the magno- 
cellular part of the red nucleus, which m turn gives rise 
to the rubrospinal tract Collaterals from the interposito- 
rubral tract may descend to bulbar nuclei 
3 From the Middle Lobe and Cerebellar Hemispheres. The 
hemisphere cortex projects into most of the dentate nucleus 
a Dentate rubro-thalamic tract The dentate fibres emerge 
from the hilus as a large bundle, course in the low er 
part of the brachium conjuncuvum and decussate, 
w hence some run directly to the lateral * entral thalamic 
nucleus, while others end in the pamcellular part of 
the red nucleus Dentate thalamic fibres course to the 
lateral v entral nucleus, whence the tract is relayed to 
the motor cortex Fibres from some parts of the dentate 
nucleus belong to the paleocerebellar division, and run 
to the magnoccllular part of the red nucleus 

Vm CEREBELLAR LOCALIZATON Although the cerebellar 
cortex is uniform throughout, the distribution of cerebellar path 
''ays provides some basis for localization 
A. Archicercbellum The flocculonodular lobe (and lingula and 
u\ula) receives chiefly vestibular afferents Its efferent connec- 
tions arc with the vestibulospinal tracts and medial longitudinal 
bundle 

B Palcocerebellum The anterior and posterior lobes 
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chiefly the proprioceptive tracts Their efferent connections are 
mostly by the interposito-rubro-spmal system 
C. Neocerebelium. The middle lobe and hemispheres receive the 
large cortico ponto-cerebellar tracts They project bach to the 
forebrain cortex ( motor’ area) by the dentate thalamic system 





IX 


CORPORA QUADRIGEMINA 


I QUADRIGEMINAL PLATE- The suprasegmental midbram 
tectum is de\ eloped from the alar plates It is a laminated structure 
bearing two pairs of collicular eminences In birds and reptiles it 
forms the large optic lobes In man, the superior colltcuh ( optic 
lobes ) are greatl) reduced, and the paired inferior colliculi ( audi- 
tor) lobes) are added The superior colliculi are concerned with 
optic, and the inferior with auditor) reflexes 

II INFERIOR COLLICULI The auditor) lobes are correlated in 
deselopment with the spirall) wound cochlea, and arc homologous 
to the ton semiarculares of reptiles 

A Structure* The) consist chiefl) of a large nucleus on each side, 
surrounded b) capsular fibres Each is connected with the homo- 
lateral medial geniculate nucleus (of the thalamus) b) an ir- 
fenor quadrigeminal arm 

B Pathways. Auditory and tactile fibres are integrated in the 
inferior colliculi 
1 Afferent Tracts 

a- Lateral lemniscus. Collaterals and terminals from coch- 
lear and supenor oh\ar) nuclei of both sides enter the 
mfenor colliculus in the lateral fillet 
b Spinotectal and bulbotectal tracts. Fibres from the lat- 
eral funiculi of cord and brainstem enter the colliculi 
b) passing around the central gra) 

2. Efferent Tracts. 

a Tectogemcnlate. Man) fibres enter the brachium of 
the mfenor colliculus joining lateral fillet fibres to 
reach the medial geniculate nucleus 
b Tcctobulbar and tectospinal tracts. Consist of few 
fibres of small diameter 

c. Acoustico-optic fibres run from mfenor to supenor 
colliculi 
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d Intercolhcular fibres form a commissure between the 
inferior colliculi 

HI SUPERIOR COLLICULI The optic lobes are low rounded 
eminences surmounting the central gray The superior quadn 
gemtnal arm connects each superior colliculus with the lateral 
geniculate body of the same side 
A Structure. Each optic lobe consists of alternating white and 
gray layers 

1 Superficial White Layer (Stratum zonalc) A thin layer of 
small cortico-tectal fibres 

2 Superficial Gray Layer Small and large nerve cells Some 
optic fibres end, and some tectospinal fibres originate here 

3 Optic Layer Mostly optic tract fibres entering through 
brachium of the superior colliculus 

4 Middle Gray Layer Cells of origin of tecto-bulbar and 
tectospinal tracts 

5 Middle White Layer Entering spinotectal (and occipito- 
tcctal ?) fibres, also some tectospinal fibres 

6 Deep Gray Layer Neurones of large size with axons enter 
mg tecto-bulbar and tectospinal tracts 

7 Deep White Layer Made up of axons from the deep gray 
layer 

8 Penventncular Layer Mixed gray and white substance 
Includes the large tectospinal fibres, sometimes intermingled 
with mesencephalic root fibres 

B Pathways Optic and tactile fibres arc integrated in the supe 
nor colliculi 

1 Afferent Tracts 

a Optic nerve fibres (some uncrossed) enter the optic 
layer from the superior quadrigeminal brachium and 
optic tract. 

b Occipito-tectal fibres (?) from occipital cortex, through 
optic radiation and superior arm, into middle white 
layer 

c. Acoustico-tectal fibres, from inferior colliculi 

d Spinotectal and bulbotectal tracts, enter middle w ite 
layer 
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2. Efferent Tracts. 

a Tectobulbar tract. This includes fibres to the ocu- 
lomotor nucleus, red nucleus, substantia nigra, and 
other bulbar nuclei 

b Tectospinal tract. Fibres cross in the dorsal tegmental 
decussation, enter lateral funiculus of cord, to the \ en- 
tral motor column In addition a small medial tecto- 
spinal tract in the \ entral femiculus runs to the upper 
thoracic part of the mtermediolateral cell column This 
is a dilator pupilae pathway from the optic tectum 

c. Intercolhcular fibres form commissure betw een the su- 
perior colliculi 

d Tectocerebellar fibres (in anterior medullary \elum) 
may contain fibres from superior and inferior colliculi 

IV PRETECTAL NUCLEUS This nucleus lies closely in front 
of and below the superior colliculus m man, but is pretectal in many 
lower forms It recedes crossed and uncrossed optic nerse fibres 
and sends crossed and uncrossed fibres to the Edinger-Westphal 
(pupilo-constrictor) nuclei of the oculomotor nene It mediates the 
pupillary light reflex, but not the pupillary reflex of accommodation 
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I THE FOItEBRAIN develops from the alar plate forming the 
anterior end of the neural tube, and consists of the thalamus and 
the paired cerebral hemispheres The thalamus surrounds the third 
ventricle and consists of the diencephalon and the medial terminal 
part of the telencephalon ending at the lamina terminahs The cere 
bral hemispheres contain the lateral ventricles and each consists of 
a highly elaborated pallium and a basal corpus striatum and olfac 
tory lobe They are suprasegmental structures containing the highest 
integrative levels, and the hemispheres alone are larger than all the 
rest of the brain The thalamus is literally and structurally an 
‘anteroom’ to the hemispheres 

A Dorsally it forms the floor of the transverse cerebral fissure, 
and the floor (lamina affixa) of the body of the lateral ventricle 

B Laterally it is related to the caudate nucleus above, and the 
internal capsule 

C. Ventrally lies the midbrain tegmentum extending into the 
subthalamus 

D Posteriorly the rounded pulvinar overlies the subjacent gemeu 
late bodies 

E Medially each ventricular wall is crossed by the hypothalamic 
sulcus running from the cerebral aqueduct to the opening (in 
terventncular foramen of Munro) of each lateral ventricle 
Above the sulcus lies the dorsal thalamus, bridged by the massa 
intermedia and roofed by the tela choroidia with its paired in 
\agmated choroid plexuses Below the sulcus lies the h)po- 
thalamus 

II THE DORSAL THALAMUS consists of large nuclear groups 
separated by white laminae Anterior medial, lateral and ventral 
nuclei with their subdivisions, and the centromedtan {of Lu)0t 
pulvinar and geniculate nuclei are thus delimited Other nuclei are 
situated in the ventricular gray {midltne nuclei ), or in the laminae 
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( intralaminar nuclei) They are drvided into three groups based 
upon their connections, and upon phylogenetic grounds 
A The Subcortical Nuclei are an old (archithalamic) group with 
tntrathalamic but no cortical connecuons 

1 The Midline Nuclei are ill-defined groups in the dorsal v en 
tncular wall and intermediate mass, having hypothalamic 
and pretectal connecuons 

2 The Intralaminar Nuclei have little known intrathalamic 
connecuons The larger centromedian nucleus has connec- 
tions with the globus palhdus 

3 The Antenor Ventral Nucleus Connections unknown 

R The Cortical Relay Nuclei are a newer group which recei\e 
the large afferent pathways from cord and brainstem, and relay 
them to the projection areas of the cerebral cortex, from which 
they recei\c corUco-thalamic fibres 

1 The Posterior Ventral Nucleus is divided into a small 
medial part (arcuate or semilunar nucleus) which receives 
the trigemino-thalamic tracts (and probably fibres from the 
nucleus sohtanus, including taste), and a large lateral part 
receiving the medial fillet and spinothalamic tracts They 
project into the postcentral gyrus (areas 3, 1, 2) by means 
of the thalamic radiation m the internal capsule 

2 . The Medial Geniculate Nucleus receiv es the lateral (audi 
tory) fillet, and projects into the temporal lobe ^transverse 
gyrus of Heschl) 

3 The Lateral Geniculate Nucleus, consisung of six nuclear 
layers separated by white laminae, receives most of the optic 
tract Crossed fibres end m laminae 1, 4 and 6, and direct 
fibres in 2, 3 and 5 It projects into the striate cortex (area 
17) by the gemculocalcanne tract 

4 The Antenor Nucleus (anterior tubercle) receives the 
mammillothalamic tract, and projects into the angular 
gyrus and paracentral lobule 

5 The Lateral Ventral Nucleus receiv es the dentate thalamic 
tract from the cerebellar hemispheres, and projects into the 
precentral gy rus (areas 6 and 4) It has discrete topographi 
cal representation of leg, arm, and head from lateral to 
medial 

C. The Association Nuclei are recent (neothalamic) nuclei closely 
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correlated with the large association cortex of primates They 
receive short connectives primarily from the relay nuclei, and 
project into frontal and parietal association cortex 

1 The Medial (dorso-medial) Nucleus receives fibres from 
other thalamic nuclei, and from the frontal cortex A small 
magnocellular part sends fibres to the posterior hypotha! 
amic nucleus, while the large parvicellular nucleus sends 
fibres to and receives fibres from the frontal association cor 
tex (areas 9, 10 and 12) 

2. The Dorsal Lateral Nucleus receiv es many fibres from the 
\entral nuclei, and a few from the medial fillet 

3 The Posterior Lateral Nucleus receives fibres from ventral 
nuclei, and tectum, and sends fibres to the parietal cortex 
(areas 5 and 7) 

4 The Pulvinar is a large posterior mass receiving fibres from 
other thalamic nuclei The medial part sends fibres into the 
cortex (area 22) near the auditory areas, while the inferior 
part sends fibres into the penstnate cortex (area 18) of the 
visual area 

D The Thalamic Radiation consists of thalamocortical and 
corticothalamic fibres which run in four bundles, the ventral, 
frontal, parietal, and occipital thalamic stalks Most of them 
form parts of the internal capsule a large band of fibres run 
mng through the corpus striatum and forming a sheaf around 
the lenticular nucleus 


ni THE VISUAL SYSTEM includes the reuna, and opuc nerve 
with its central connections 

A The Retina is a specialized part of the forebrain wall (isolated 
by the embryonic optic evagmation), from which a large fibre 
tract, the optic nerve, runs to the thalamus It is a cup-shaped 
organ consisting of a light and color sensitive neuroepichekum, 
and two layers of neurones with interposed synaptic layers 
1 The Neuroepithelium consists of light sensitive rod cells, 
and color sensitive cones Most of the reuna has both types 
of cells, but the fovea centralis (point of acute vision in 
center of the yellow macula lutea ) has cone cells only, an 
the optic pedicle (blind spot of the opuc nerve exit) as 
neither 
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2. The Bipolar Cell laser consists of neurones, the dendntes 
of which reeme the bases of the rods and cones, and their 
axons reach the ganglion cells Potysyr3p*:c bipolars recase 
a number of ‘rod -spherules and monosyrap*ic bipolars re- 
case a single ‘cone pedicle.’ 

3 The Ganglion Cell lajer consists of large neurones, the 
dendntes of which recase the bipolar cell terminals Their 
naked axons form a fibrous las er on the vitreous surface of 
the retina, consergmg on the optic pedicle to form the optic 
nerve, where the) acquire mjelin sheaths 
B The Retino-Gemculate Tract originates in the ganglion cells of 
the retina, and ends primarily in the lateral geniculate nucleus. 
It consists of three segments, the opac nerve, the chiasma, and 
the optic tract. 

1 The Optic Nerve runs from the retina to the optic chiasma. 
A lesion of a nerse causes blindness in one eje. 

2. The Optic Chiasma is m the floor of the hypothalamus. 
The fibres from the nasal half of each retina cross and join 
the fibres from the temporal half of the opposite eye, pro- 
ducing a complete crossing of the visual image. A lesion in 
the central chiasm (nasal fibres) produces bitemporal hemi- 
anopia Paired lateral chiasmatic lesions (temporal fibres) 
produce binasal hemianopia. 

3 The Optic Tract runs from the chiasma around the cere- 
bral peduncle, enters the lateral geniculate nucleus and ter- 
minates therein A small band of fibres passes medially into 
the superior colhcular arm A lesion of the optic tract pro- 
duces homonymous hemianopia (blindness of the opposite 
visual field) The tract also contains fibres (from the medial 
geniculate bod) r ) forming Gudden s commissure through 
the optic chiasma. 

C The Lateral Geniculate Nucleus consists of six nuclear laminae, 
separated by fibrous layers The crossed fibres (from the nasal 
retinal halves) end m the first (at hi! us), fourth, and sixth 
Ia)ers The direct (temporal) fibres end in layers taro, three, 
and fi\e. The macular fibres end in the upper and central two- 
thirds, the peripheral retinal fibres in the medial and lateral 
sixths. There is approximate!) point to point projection of the 
macular cones into the lateral geniculate nucleus, but anatom- 
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ically the rod projection probably overlaps (because of the poly- 
synaptic bipolar cells in the retina) 

D The Gemculo-Calcanne Tract (optic radiation) originates in 
the lateral geniculate nucleus, enters the thalamic radiation (m 
the sublenticular part of internal capsule) The fibres pass an 
tenorly and laterally around the inferior and posterior \en 
tncular horns in the external sagittal stratum They are dis- 
tributed to the striate cortex (area 17) along the calcarine fis 
sure, with spacial representation of like retinal halves on each 
side A lesion of the temporal detour along the inferior ven 
tncular horn may result in quadrantic hemianopia (loss of one 
quadrant of the visual held) 

IV THE EPITHALAMUS includes the pineal body , posterior^ 
commissure, habenular nuclei, and the t hala m ic_med u jlary striae" 
They he dorso medially, close tolfie^ roof of the third ventricle 

A TheTineal Body is a midline structure attached to the thalamic 
roof in front of the superior colliculi It is non nervous and m 
adult life calcium salts frequently deposit there The pineal stalk 
contains the pineal recess, in front of which is the habenular 
commissure, and below is the posterior commissure 
23 The Posterior Commissure is a prominent transverse band at 
the anterior end of the pretectal area It contains, among others, 
fibres from the nearby commissural nucleus of Darkshevitch 
C. The Habenular Nucleus of each side is located in front of and 
lateral to the pineal body It is part of the olfactory system, and 
receives fibres from the medial forebram bundle by way of the 
thalamic medullary striae. It sends fibres to the interpeduncular 
nucleus in the fiabenufo interpeduncular tract (retroflex bundle) 
which passes through the edge of the red nucleus 
D The Striae Medullans Thalami run along the dorso-medial 
border of the thalamus close to the attachment of the tela 
choroidea They run from the medial forebram bundle to the 
habenular nucleus of each side, many decussaung in the h3 
henular commissure 

V THE HYPOTHALAMUS includes the hjpothalamic nuclei, 
and a group of structures lying below the hypothalamic sulcus close 
to the lower part of the third ventricle 
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THE HYPOTHALAMUS 

A The Lamina Tenmnalis forms the anterior wall, above which 
lies the anterior commissure Ventrally lies the optic chiasma, 
with the preopttc recess in front, further bach is the in fun 
dtbtilum with the attached hypophysts and the tuber cinereum 
The mammillary bodies are paired nuclear masses projecting 
below the hypothalamic floor The walls of the hypothalamus 
consist of ventricular gray containing groups of nuclei 
B The Hypothalamic Nuclei are a phylogenetically old group 
which includes suprasegmental nuclei contributing to the m 
tegration of visceral functions They receive fibres from the 
cortex and subcortical thalamic nuclei as well as ascending vis 
ceral pathways Efferent fibres connect with the autonomic sys 
tem The nuclei are arranged in three groups 

1 The Anterior Group lies above the optic chiasma 

a The paraventricular nucleus consists of closely packed 
large cells containing secretory colloidal material in the 
cytoplasm It sends fibres to the supraoptic nucleus, in 
fundibulum, and medulla 

b The supraoptic nucleus, situated above the lateral part 
of the chiasma, consists of closely packed cells with col 
loidal material From it runs the supraopticohypophys- 
eal tract to the posterior lobe and pars intermedia of 
the hypophysis, and also to the posterior hypothalamic 
and tuber nuclei 

2 The Middle Group (Pars Infundibularis) lies m the tuber 
cinereum 

a The tuber nuclei are small celled clusters which receive 
fibres from the frontal cortex, and send fibres into the 
midbram, and probably to the parasympathetic nuclei 
b The dorsomedial and ventromedial hypothalamic nu 
clei consist of small cells which probably connect with 
parasympathetic nuclei of both sacral cord and medulla 
c. The lateral hypothalamic area consists of small groups 
of large cells, which probably connect with the sympa 
thetic intermediolateral cell column of the thoracic cord 

3 The Posterior Group lies behind the infundibulum 

a The posterior hypothalamic nucleus consists of closely 
packed small cells among which are many large rounded 
cells It receives the periventricular fibres from the large 
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celled part of the dorsomedial thalamic nucieus, which 
in turn receives fibres from the frontal cortex From the 
posterior nucleus efferent tracts descend in the medial 
longitudinal bundle to the sympathetic lntermedio- 
lateral cell column of the thoracic cord 
b Each mammillary body consists of a large medial and 
smaller lateral nuclei The medial nucleus receives the 
fornix, the projection of the hippocampal cortex From 
it runs the mammillothalamic tract to the anterior 
thalamic nucleus, which in turn projects to the gyrus 
cingulum 

C The Fibre Tracts to and from the hypothalamic nuclei are 
little known, but clinical and physiological evidence indicates 
that the nuclei are primarily concerned with visceral functions 
Lesions of the hypothalamic nuclei result in emotional disturb- 
ances, ‘sham rage, narcolepsy, and disruption of temperature 
regulation, as well as disturbances of water, fat and carbo- 
hydrate metabolism Electrical stimulation of the dorsomedial, 
ventromedial, and tuber nuclei result in parasympathetic re 
sponses, while that of the lateral hypothalamic area and pos 
tenor hypothalamic nucleus produce sympathetic effects The 
paraventricular nuclei are concerned with carbohydrate metab- 
olism, and lesions of the supraoptic nuclei result in diabetes 
insipidus 

VI THE SUBTHALAMUS The midbrain tegmentum continues 
into the diencephalon where it ends as a group of nuclei and rcticu 
lar substance below the dorsal thalamus Ventrolaterally the basis 
pedunculi spreads out into the internal capsule, which separates the 
dorsal and subthalamus from the lenticular nucleus of the corpus 
striatum 

A The Nuclei of the subthalamus include the anterior ends of 
the red nucleus and substantia nigra as well as intrinsic nuclei 

1 The Subthalamic Nucleus (Corpus Luys) lies anterior and 
lateral to the red nucleus It is a bicomex lens-shaped nu 
clcus placed horizontally above the substantia nigra 

2 The Zona Incerta is a sheet of gray matter between the 
subthalamic nucleus below and the lateral nuclei of t e 
thalamus above 
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3 Reticular Substance occurs among the above four nuclei 
B The Tracts passmg through the subthalamus include two 
thalamic afferent pathways as well as descending bundles 

1 The Medial Fillet passes through reticular substance lat- 
eral to the red nucleus and ends in the posterior ventral 
nuclei of the thalamus 

2. The Dentate rubro-thalamic system spreads out laterally in 
front of the medial fillet, and ends in the lateral ventral 
nucleus The medial part around the red nucleus is the 
tegmental field H of Fore!, and the lateral part the field Hj 
of Forel They he medial and dorsal to the other parts of 
the subthalamus 

3 The Lenticular Fascicle is a bundle of fibres from the 
globus palhdus of the stnate body It crosses dorso-medially 
through the internal capsule and passes between the sub- 
thalamic nucleus and the zona incerta, constituting field H- 
of Forel 

4 The Ansa Lenticulans is a tract from the globus palhdus 
which passes ventrally around the medial border of the 
internal capsule to enter the subthalamus 

C. The Connections of the subthalamus are little understood 
There are connections with the corpus strurum, which wall be 
considered w ith those of the latter 
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CEREBRAL HEMISPHERES 


I TOPOGRAPHY Each hemisphere presents three surfaces and 
three poles The basal surface occupies the anterior and middle 
cranial fossae, the dorsolateral surface lies against the calvarium, and 
the medial surface lies in the superior sagittal fissure. The anterior 
end of the hemisphere is the frontal pole, the posterior the occipital 
pole, and the inferior the temporal pole 
A The Basal Surface consists of a frontal and a temporal part 
separated by* the deep lateral fissure 
3 The Frontal part presents the orbital gyn laterally, 3nd 
medially the gyrus rectus the olfactory sulcus, and the nar 
roiv olfactory lobe The latter ends posteriorly m the medial 
and lateral olfactory striae, between which lies the anterior 
perforated substance 

2 The Temporal part is divided into three longitudinal folds, 
the medial hippocampal gyrus with the hook shaped uncus, 
the fusiform gyrus, and laterally the inferior temporal 
gyrus 

B The Dorsolateral Surface, large and rounded, is divided into 
numerous gyn by narrow fissures or sulci 
ly^Tne Lateral Fissure (of Sylvius) separates the inferior 
X temporal lobe from the front al and parietal lobe s Deep 
within the fissure lies an area ot cortex, the insula of Reil 
2. The Central Sulcus (of Rolando) separates the frontal lobe 
from the parietal lobe 

3 The Frontal Lobe presents the following gyn 

a The anterior central (precentral) gyrus between the 
central and precentral sulci 

b The superior, middle, and inferior frontal gyn sepa 
rated by superior and inferior frontal sulci 
c. The inferior frontal gyrus is divided into orbital tr i 
angular and opercular parts by the anterior honzon ta 
and ascending rami of the lateral fissure 
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4 The Parietal Lobe. 

a The posterior central (postcentral) gyrus lies between 
the central and postcentral sulci 
b The superior parietal g) rus lies abo\ e the interparietal 
sulcus 

c- The inferior parietal g^ras includes the supramarginal 
and angular gyn 

5 The Occipital Lobe surrounds the occipital pole and is arbi- 
tranlj demarhed from the parietal lobe b) a line from the 
preoccipital notch to the paneto-ocapital fissure 

6 The Temporal Lobe presents the superior middle and in- 
ferior temporal gyn In the lateral fissure the superior gyrus 
is divided into trans\erse gyn including the anterior trans- 
terse gyrus of Heschl 

7 The Insula of Reil is an area of cortex o\ ergrow n b\ the 
frontal and temporal operculae which meet at the lateral 
fissure It is divided into the long gyrus and the anterior 
short gyn b) the sulcus centralis insulae Beneath the insular 
cortex lies a thin sheet of graj matter, the claustrum 

C. The Medial Surface of each hemisphere lies in the superior 
sagittal fissure, the floor of w hich is formed bj the corpus cal- 
losum The medial surface presents frontal, parietal, and occipi- 
tal regions 

1 The Frontal Region presents the sttpenor frontal gy rus and 
the anterior half of the angular gyrus separated bj the 
angular sulats Below the genu of the corpus callosum he 
the parolfactory area and subcallosal gyrus 

2. The Parietal Region presents the superior end of the cen 
tral sulcus w ith the paracentral lobule and preatrais below 
which lies the posterior half of the angular gjrus 

3 The Occipital Region presents the atneus above which is 
the paneto-ocapital fissure and below is the calcanre fis 
sure and lingula gyrus The angular gyrus extends as the 
fornicate isthmus connecting behind the corpus callosum 
with the hippocampus 

4 The Indusium Gnseum is a thin gra> lajer (supracallosal 
gjrus) on the dorsal surface of the corpus callosum 

D The Corpus Callosum is a large mterhemisphcnc commissure, 
beginning as the rostrum at the anterior commissure, arching 
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up and back as the genu and corpus, and ending m the rounded 
splemum 

E The Fornix is the efferent projection of the hippocampus It 
arches up and back around the thalamus, is attached to the 
under surface of the splemum, and curves down anteriorly, cn 
tering the thalamus behind the anterior commissure to end in 
the mammillary body 

1 The Septa Pellucida are thin sheets extending from each 
fornix to the genu and body of the corpus callosum They 
enclose a small space, the fifth ventricle 

2. The Choroid Fissure is a cleft between the fornix and the 
thalamus The lateral wall of the fissure is closed by a 
choroid tela with choroid plexus extending into the lateral 
ventricle 

F A Lateral Ventricle is contained in each hemisphere It is con 
tinuous with the third ventricle at the interventricular foramen, 
and lined throughout with ependyma It consists of a body and 
three horns 

1 The Antenor Horn lies in front of the interventricular 
foramen, and is enclosed above and in front by the genu 
of the corpus callosum. The head of the caudate nucleus 
forms the ventrolateral wall, and the septum pellucidum 
the medial 

2. The Body of the lateral ventricle lies beneath the corpus 
callosum, the septum pellucidum, fornix and choroid tela 
are medial, the affixed thalamic lamina is ventral, and the 
caudate nucleus lateral 

a The choroid tela is a narrow band of pia-ependyma 
continuous at the posterior wall of the interventricular 
foramen with that of the third ventricle. Attached to 
the outer edge of the fornix and to the dorsal thalamus, 
it continues into the inferior horn as its medial wall 
It contains the choroid plexus of the lateral ventricle 
b The lamina affixa is a layer of ependyma representing 
the wall of the hemisphere reflected from the caudate 
nucleus medially over the dorsal thalamus to the tela 
and fornix . 

3 The Inferior Horn extends into the temporal lobe, and 
ends ventral to the amjgdala nucleus Above lies the tape 
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turn of the corpus callosum, below is the collateral emi 
nence, hippocampus, fimbria and fornix, and mediall) is 
the tela choroidea 

4 The Posterior Horn is a narrow slit extending into the 
occipital lobe On its floor is the calcar aus, a prominence 
formed by the calcarine fissure It is roofed b) the tapetum 
of the corpus callosum 

II DEVELOPMENT Each hemisphere is a \esicle e\aginated 
from the telencephalon just posterior to the lamma terminalis Each 
consists of a gread) expanded pallium, and two gra) basal struc- 
tures, the olfactory lobe antenorl), and the corpus striatum attached 
to the lateral wall of the thalamus 
A The Pallium is an extensile lamma which de\elops a gra) 
cortex b) migration of epend)mo-mantIe elements across the 
marginal la)er It becomes separated into two major regions b) 
the rhinal and hippocampal fissures 
I The Archipalhum (olfactor) cortex) includes the pyriform 
area with olfactor) g)rt and hippocampal structures It lies 
in the medial part of the basal surface of each hemisphere 
2. The Neopalhum grows cxtenswel), and expands bach o\er 
the thalamus and midbrain It forms fisc major regions, 
the frontal, panetal, occipital and temporal lobes and the 
insula of Red The insula lies against the striate bod), and 
grows least, becoming co\cred b) the operculae of the tern 
poral and frontal lobes 

B The Olfactor) Lobe remains small and attenuated in man 
Located m the \entral surface of the frontal lobe, it recencs the 
short olfactor) ncnc fibres and connects with the archipalhum 
and other parts of the rhinencephalon 

C. The Corpus Striatum is formed from the mantle la)er at the 
base of the hemisphere and fuses w ith the lateral wall of the 
thalamus The striatum becomes diuded into ca tdate and ten 
ticular nuclei b) the cortical projection s\ stems (irterral cap- 
* de) which grow through it 

D The Commissures between the hemispheres dcsclop tn the 
lamma terminalis 

I The Antcnor Commissure consists of an anterior part con 
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nectmg the two olfactory lobes, and a larger posterior 
between the "pyriform areas of the temporal lobes 

2 The Hippocampal Commissure develops close to the ante 
nor commissure, but is later carried bach, with the splenium 
of the corpus callosum It connects the hippocampus of each 
side 

3 The Corpus Callosum develops close to the preceding com 
missure, but its great growth carries it up and bach, stretch 
mg part of the lamina termmahs into the septa pellucida 
connecting with the fornix It connects the large ncopallial 
parts of the hemispheres 

III ORGANIZATION The cerebral hemispheres may be divided 
arbitrarily into phylogenetically old parts connected with the olfac 
tory system (rhinencephalon) and the newer parts culminating in 
the highly developed neocortex 

A Old Structures 

I Basal— Olfactory Lobe, amygdala (archistnatum) 

2. Surface— Archicortex (principally the hippocampus) 

3 Connections 

a Projection— Fornix 

b Commissural— Anterior and hippocampal commis 
sures 

B New Structures 

1 Basal — Corpus Striatum 

2 Surface — Neocortex 

3 Connections 

a Projection— Internal Capsule (afferent and efferent) 
b Commissural — Corpus Callosum 

IV THE CORPUS STRIATUM de\ clops from a nuclear mass 
in the basal wall of the hemisphere, which becomes folded bach 
and fuses with the lateral wall of the thalamus The striate body 
forms an elongate rounded mass, consisting of a small wedge 
shaped globus palhdus or paleostriatum and a much larger neo 
striatum The cerebral projection systems grow through the neo- 
striatum, separating it into a dorsally arched caudate nucleut curv 
ing around the outer border of the thalamus, and a lateral putamen 
to which is attached the globus palhdus The separation formed by 
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the projections (the internal capsule) is not complete, the caudate 
and putamen remaining attached anteriorly 
A Structure. 

1 The Caudate Nucleus consists of a large head, the lower 
part of which (paleo-caudate) is closely associated with the 
olfactory anterior perforated substance and amygdala nu 
cleus The rest of the head (neo-caudate) continues bach, 
becoming attenuated, into a body, and tail which cur\es 
\entrally around the p^sterior'part of theonternal capsule, 
and ends anteriorlyclose to the junction of the head with 
the putamen It is closely related to the lateral \entncle, 
forming the lateral wall of the anterior horn and body of 
the \entncle, and lies in the roof of the inferior horn It 
consists of both small and large neurones 
Z The Putamen is an o\al nucleus, rounded laterally, and 
with conca\e medial surface separated from the globus 
palhdus by a thin fibre stratum, the lateral medullary stria 
It consists of large and small cells 
3 The Globus Pafiidus is a wedge shaped nucleus with base 
against the putamen, and apex toward the subthalamus It 
is diuded into a medial and a lateral diusion by the inter 
nal medullary stria It consists of large motor type neurones 
The putamen and globus palhdus form the lenticular nu 
cleus 

B Connections 

1 The Caudate nucleus recedes fibres from the medial nu 
cleus of the thalamus, cortico-stnate fibres from the frontal 
lobes (areas 6 8 and 9), and collaterals from the adjacent 
cortico-bulbar spinal system It sends short mternuclcar 
fibres to the putamen and globus palhdus 
Z The Putamen receives many fibres from the caudate nu 
cleus and cortico-stnate (evtrapynmidal) fibres, ns well as 
collaterals of cortico-bulbar spinal neurones It sends short 
mternuclcar fibres to the globus palhdus 
3 The Globus Palhdus is the efferent part of the striate bod\ 
The caudate and putamen reccne fibres from \anous 
sources which they relay to the globus palhdus which also 
receives some cortico-stri3tc fibres Efferent fibres form 
stno-fugal connections with the hvpothalamus, the ccntro- 

[Sil 



CEREBRAL HEMISPHERES 


median and subthalamic nuclei, the zona incerta, the red 
nucleus and substantia nigra, nuclei of Darhshevitch and 
Cajal, and lower bulbar centers They form two major 
bundles, the ansa lenticulans containing fibres passing \cn 
trally around the medial border of the internal capsule, and 
the lenticular fascicle (H 2 of Forel) containing fibres pass 
ing through and dorsal to the internal capsule to enter the 
subthalamus 

V THE CEREBRAL CORTEX is a nuclear stratum developed 
in the outer layer of the pallium In thickness it varies from 15 to 
4 mm and in extent from 2000 to 2500 sq cm Beneath it lies the 
medullary substance, consisting of projection, commissural and asso- 
ciation fibres The gyri and sulci are foldings of the cortex into the 
medullary substance 

A Structure. The neocortex consists of tangential laminae of 
nerve cells and fibres, pierced by small radial (perpendicular) 
columns of fibres 

1 Baillarger’s Lures are two prominent fibre strata present jn 
most of the cortex The outer stratum is thickened in the 
striate cortex (area 17) to form the stripe of Gennari 
2 . The Radial Columns consist of entering afferent fibres as 
well as the efferent pyramidal and spindle cell axons 
3 The Cortical Cells consist of four types based upon their 
axon process 

a Descending axon cells 

(1) Pyramidal cells are cone shaped, each oriented 
with apical dendrite toward the surface, and basal 
axon entering lower cortical layers or the medul 
lary substance Collateral dendrites extend from 
the apical dendrite, and basilar dendrites from the 
cell body There are small, medium, large, and 
giant pyramidal cells with short, medium, and long 
apical dendrites 

(2) Spindle (fusiform) cells have a shaft dendrite 
(short, medium, or long) extending toward the 
surface, and axon entering the medullary substance 
Collateral dendrites extend from the shaft, and 
basilar dendrites from the cell body 
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VI The Polymorphic Layer contains spindle, star, and 
granule cells Long spindles have intralaminar basilar 
and collateral dendrites, with unbranched shaft reach 
mg Layer I The shafts of medium spindles reach 
Layer IV, of short, Layer V The axons enter the 
medullary substance 

5 The Fibre Components of cortical laminae consist of four 
types cortical afferent, dendrites of cortical cells, axon col 
laterals, and the axons of intrinsic neurones, the whole 
forming a dense neuropil 

a The afferents mclude commissural and associauon 
fibres of the cortex as well as thalamic afferents 

(1) The specific thalamic afferents originate in tha 
lamic nuclei, ascend as myelinated fibres to Layer 
IV, where they branch into a dense plexus, some 
fibres reaching Layer III 

(2) General thalamic afferents arise as collaterals of 
fibres in the medullary substance, ascend with 
sparse branching as far as Layer II or I The parent 
fibre reaches more than one cortical area 

(3) Commissural and association fibres arise in 
contra- and ipsi lateral cortex Their sparsely 
branching fibres end in Layers VI, III, and II 

b The dendntes of cortical cells have been considered 
above under the specific laminae Basilar and most col 
lateral dendrites end in the same lamina in which the 
cell is situated Apical dendrites reach Layer I, some 
times with extralaminar collaterals Medium length 
apical and spindle shafts distribute collateral dendrites 
in two or three layers Martinotu, granule and Cajal 
horizontal cells have intralaminar dendrites 
c. Axon collaterals Collaterals of descending axons from 
pyramidal and spindle cells have extensive connections 
in specific cell laminae Pyramidal axons from Layers 
II and III have intralaminar collaterals, none to Layer 
IV, but many to Layers V and VI Axon collaterals 
from pyramids in Layer V form an intralaminar plexus 
(and to Layer VI) as well as extensive recurrent collat 
erals to Layers II and III Small pyramids of Layer V 
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often have recurrent collaterals more extensixe than the 
parent axon process 

d Short axons of Intrinsic Neurones include four tjpes, 
and the) form a major portion of the fibre plexuses of 
the laminae 

(1) Granule cells (Golgi T)pe II) are found in most 
laminae, but mainly m Layers H and IV Their 
shore highly branched axons end in a small dense 
region 

(2) Descending axons (short) include those from 
pyramid cells in Layers II and a few m IV They 
end chiefly m Layers V and VI 

(3) Ascending axons (cells of Martmotti) are dis 
tnbuted in a tariable fashion to most laminae 

(4) Horizontal axons (cells of Cajal) are found only 
in Layer I They receive connections from ascend 
mg and recurrent terminals, and end on apical 
dendrites or on small cells of Layer II 

6 Descending Axons include projection, commissural, and 
association fibres (besides the short intracorneal connec 
uons) 

a Projection fibres originate primarily m the pyramidal 
cells of Layer V Most run m ihe internal capsule and 
include cortico-bulbar, spinal, and pontmc as w ell as 
fibres to the thalamus, striate bodies, red nucleus and 
substantia nigra 

b Commissural fibres originate chiefly in the short pvra 
mids of Layer V (and upper VI), and enter the corpus 
callosum 

c. Association fibres form bundles in the medullary sub 
stance connecting \anous regions of the cortex Thcv 
originate chiefly m the spmdle cells of Laver VI Some 
arise from long axon stellate cells in the same layer 
and take a short U course to a neighboring gyrus 
B Cortical Areas The cortex is divided into many regions which 
differ in cytoarchitccture in their afferent and efferent connec 
lions, and in their time of zmchmzation There arc ihirt\ six 
chronologic areas (Flcchsig) based on the latter, which mn be 
grouped into primary (mvclmating shortly after birth), inter 
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mediate, and late areas In general, these correspond to the pro 
jection cortices, the ‘parasensory’ areas closely around the after 
ent projection areas, and lastly the ‘association’ cortices Many 
of these variously defined regions are separated by limiting 
sulci 

1 Architectonics Although the number of structural fields 
depends upon the criteria used by the investigator, the 
scores or hundreds arc grouped into five types (von Econ 
omo) or nine regions (Brodman) 
a The rctrosplcnal region includes the cortex connecting 
the angular gyrus through the fornicate isthmus with 
the hippocampus La) ers 11 and III arc intermingled, 
as also arc Layers V and VI It is concerned with the 
integration of olfactory and nonolfactory fibres 
b The angular region receives the olfactory projection 
from the anterior thalamic nucleus Layers II and III 
arc distinct, and the anterior part of the gyrus is agran 
ulir 

c The precentral region consists of very thick cortex an 
tenor to the central sulcus It is agranular (Layers II 
and IV being occupied by pyramidal cells), and has no 
lines of Baillargcr It is divided into a gigantopyramidal 
area (4) (close in front of the sulcus) with giant cells 
of Betz in Layer V, and a more anterior frontal agran 
ular area (6) The axons of the Betz pyramids are con 
tamed in the cortico bulbar and spinal tracts The pre 
central region receives the cerebellar projection from 
the lateral ventral nucleus of the thalamus 
d The frontal granular region occupies much of the 
large frontal lobes It has large granular (of small 
pyramid cells) and supragranular (correlative) layers 
Parts of the region receive fibres from the association 
nuclei of the thalamus, and give rise to the efferent 
cortico pontine tracts, and cortico thalamic and hypo- 
thalmic fibres The frontal pole has a well-developed 
ganglionic Layer (V) 

e The postcentral region lies close behind the central 
sulcus It has well-developed granular layers (‘overflow 
ing into other hyers), a thick Layer III, and only 
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small pyramids in Lajer V It recedes the genera! af- 
ferent projection from the posterior central nuclei of 
the thalamus 

f. The parietal region grades off behind the postcentral 
without sharp demarkation La)er II is broad 
g The insular region has well-dev eloped Lasers V and 
VI The supragranular lajers develop late The under 
tying claustrum represents a detached or doubled 
Lajer VI 

h The temporal region is not clear!) demarked from 
the parietal, but has a well-developed Lajer IV 
Heschls convolution (anterior transverse temporal) 
which receives the auditory projection from the medial 
genicular nucleus, has ver) large pjramid cells in La)cr 
III, and a thick granular formation 
i The occipital region has a thm cortex w nh a great in 
crease of granule cells in all lajers The striate area 
(17) around the calcarine fissure has a double internal 
granular la)er (and wide stripe of Gennan) which 
receives the optic projection from the lateral geniculate 
nucleus The pemtnate area (18) has a much thinner 
Lajer IV, and no stripe of Gennan 
2 The Projection Areas are cortical regions in which end 
specific thalamocortical tracts, or m v hich arise descending 
tracts 

a Afferent cortex is granulous (Tjpc V of von Economo) 
with well-developed granular la)cr$ and manv granule 
cells m other lajcrs as well The specific thalamic afTer 
ents end m the internal granular lajcr 
(1) The genera! afferent cortex (somaesthetic area) 
lies m the postcentral gyrus and consists of three 
vertical strips, areas 3 1 and 2 Fibres from the 
posterior ventral nucleus of the thalamus (tarrying 
touch, proprioception, pain, 3nd temperature fibres) 
end in the gyrus which in turn sends back cortico- 
thalamic fibres The contralateral spinal and era 
ntal afferent roots are represented in inverse sc 
quence along the vertical extent of the area Sacral 
dermatomes arc highest with lumbar and thoracic 
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in the upper third, the arm and hand representa 
tions in the middle, and neck and face in the low 
est third 

(2) The auditory cortex consists of the anterior 
transverse temporal gyrus (of Heschl) which re 
ceives the gemculo temporal fibres from the medial 
geniculate nucleus, and to which it sends back 
cortico geniculate fibres Both cochlea are reprc 
sented in each cortex 

(3) The visual cortex consists of the striate area 
above and below the calcarine fissure on the medial 
surface of the occipital lobe It has a highly dev el 
oped internal granular layer (with stripe of Gen 
nan) receiving the specific afferents from the lat 
eral geniculate nucleus, and sending back coruco- 
geniculate fibres There is a point to point projec 
tion of the latter nucleus in the calcarine cortex, 
and m turn homonymous retinal halves are spa 
cially represented in the lateral geniculate nucleus 
Homolateral temporal and crossed nasal quadrants 
are represented in each striate area, resulting m an 
inverted crossed representation of the visual field 
The macular quadrants are represented at the oc 
cipital pole, the peripheral retina in the more ante 
nor part of the calcarine fissure 

(4) The angular gyrus receives the projection from 
the anterior nucleus of the thalamus The olfactory 
cortex of the archipalhum projects by the fornix 
into the medial mammillary nucleus, which in turn 
projects to the anterior nucleus It forms a pathway 
(olfactory ? ) from archicortex to neocortex 

(5) The precentral gyrus (motor cortex, area 4) rc 
ceives the projection (cerebellar) from the lateral 
ventral thalamic nucleus 

(6) The association cortex (prefrontal, etc ) receives 
afferent fibres from the association nuclei of the 
thalamus 

b Efferent cortex has well-developed subgranular layers 
(V and VI) which give rise to descending tracts 
[8S] 
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the middle frontal gyrus (8ap5) is connected with 
eye muscle nuclei, as is also penstnate cortex of 
the occipital cortex The cortico pontine tracts con 
sist of a precentro pontine from areas 6 and 4, a 
prefronto-pontine (inferior frontal cortex), and a 
temporopontine from the lower temporal gyri 
Cortico rubral fibres originate m postcentral areas 
3 and 5 as well as precentral Cortico thalamic 
fibres arise from large regions of the cortex, espe 
cially in prefrontal 9 Cortico-stnate fibres arise 
from large regions of the cortex, area 8 and espe 
cially m prefrontal 9 

3 The Association Cortex consists of large areas, with prom 
inent supragranular (correlative) layers, lying between the 
projection areas The prefrontal, and parts of parietal, occipi 
tal, and temporal lobes are included 

a The frontal association area is greatly expanded in 
man The frontal pole has well-developed pyramid cells 
in Layer V, but they are small in the other frontal 
association regions Areas 9, 10, and 12 receive fibres 
from the medial thalamic nucleus and send bach cor 
tico-thalamic fibres Areas 8 and 9 (as well as precen 
tral 6) give rise to cortico-stnate tracts The region of 
the inferior frontal gyrus forms the prefronto-pontine 
system Fronto hypothalamic fibres are mainly from 
the basal part of the lobe 

b The parietal association cortex receives and sends bach 
fibres to the lateral thalamic nuclei Cortico-mgral fibres 
arise in area 5 and cortico-rubral in 5 and 3 Some 
corticospinal neurones from areas 5 and 2 run m the 
corticospinal tracts 

c. The occipital association areas (18 and 19) receive 
fibres from the pulvinar, to which they return fibres 
Occipito tectal and occipito-gcmculate fibres are also 
described 

d The temporal association areas receive fibres from the 
pulvinar in area 22 and return tcmporo-pulvinar fibres 
The temporo-pontine tracts arise m the lower temporal 
g> ri 





THE MEDULLARY SUBSTANCE 
VI THE MEDULLARY SUBSTANCE consists of a layer of 
white matter beneath the cortex, the great central mass of which 
forms the centrum semiovale The latter is formed by the bundles 
of callosal fibres intermingling with the projections radiating from 
the internal capsule The medullary substance consists of projection, 
commissural, and association fibres 
A The Projection fibres consist of the thalamocortical a fie rents, 
and the descending pathways to the thalamus and lower centers 
Entering or leaving the hemisphere, the projections pass 
through the internal capsule between the caudate nucleus and 
the thalamus medially, and the lenticular (globus palhdus and 
putamen) nuclei laterally The capsule is divided into four 
parts, the anterior hmb in front of the lenticular nucleus (be 
tween it and the head of caudate nucleus) separated by the 
genu from the posterior limb which is divided into lenticulo 
thalamic, retrolenticular and sublenticular divisions 
1 The Anterior Limb contains the following tracts 
a Afferent 

(1) Thalamo frontal fibres from the medial nucleus 
to the prefrontal areas 

(2) Thalamocortical fibres from the anterior nucleus 
to the angular gyrus 

b Efferent 

(1) Fronto-thalamic fibres to the medial nucleus 

(2) Fronto-stnate fibres to the caudate nucleus and 
putamen 

(3) Prefronto-pontine tract, passing into the medial 
segment of the basis peduncuh 

2. The Posterior Limb (Lenticulothalamic division of) 
a Efferent 

(1) The corticobulbar tract lies at the genu between 
anterior and posterior limbs 

(2) The corticospinal tract lies posterior to the cor 
ticobulbar, the pattern forming head, arm, and 
leg in sequence 

(3) The precentro-pontine tract also runs through 
the posterior limb 

(4) Fronto-mbral fibres pass in this division, and 
cortico senate also 
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b Afferent The thalamo-panetal tracts to the postcen 
tral gyrus are located posterior to the descending tracts 
They also are in spacial sequence 

3 The Retrolenticular Limb contains the posterior part of 
the thalamo parietal projection 

4 The Sublenticular Limb lies between the putamen above, 
and the lowest part of the tail of the caudate nucleus 

a Afferent. 

(1) The geniculo-calcannc tract passes laterally 
through the internal capsule Some of the fibres 
turn back o\er the tapetum of the posterior \en 
tricular horn, and others turn forward forming a 
temporal detour over the inferior horn, the fibres 
passing m the external sagittal stratum to the cal 
carine fissure 

(2) The geniculo-temporal passes laterally to the 
transverse gyrus of Heschl 

b Efferent The temporo pontine tract enters the lateral 
part of the basis pedunculi 

B The Commissural Fibres of the neocortex form the large 
corpus callosum whose fibres unite corresponding parts of each 
hemisphere The hippocampal and anterior commissures unite 
regions of the archicortex The callosal fibres arise from the 
short pyramids of Layers V and VI, and cross in the embryonic 
lamina termmalis Above the anterior commissure, they form 
the thin rostrum, the thickened arched genu, the body, and the 
rounded splenium roofing the transverse fissure The converg 
ing and diverging bundles (callosal radiation) of each side in 
termingle with those of the internal capsule (corona radiata) 
reaching all parts of the neocortex Frontal fibres pass through 
the genu, parietal fibres through the body, and occipital and 
temporal fibres through the splenium The latter form a thin 
lamina (the tapetum) roofing the posterior and inferior \en 
tricular horns 

C. The Association fibres include short and long bundles which 
unite \anous parts of the same hemisphere The short fibres 
form U shaped arcuate fibres connecting one gyrus with the 
next, or adjacent parts of the same gyrus The long bundles 
connect gyri in separate parts of the hemisphere 
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the rhinencephalon 

1 The Uncinate bundle connects the orbital gyn of the 
frontal lobe with the rostral end of the temporal lobe, by 
hooking beneath the sylvian fissure 

2 The Superior Longitudinal bundle passes over and around 
the lenticular nucleus, connecting frontal w ith parietal, oc 
cipital and temporal gyri 

3 The Superior Occipitofrontal arches along the caudate nu 
cleus below the corpus callosum 

4 The Inferior Occipitofrontal fasciculus courses ventrolat- 
eral to the lenticular nucleus 

5 The Cingulum connects archipalhal regions, the anterior 
perforated substance with the dentate gyrus, coursing 
through the angular gyrus 

VII THE RHINENCEPHALON consists of the olfactory lobe, 
the basal olfactory areas, and the cortical regions of the archipallium 
with their associated structures and connections Highly elaborated 
in lower forms, in man it consists of a number of small structures 
with complex relationships The olfactory structures form a ring or 
purse string s) stem around the marginal rim of the hemisphere 
A The Olfactory Lobe consists of an anterior bulb and a narrow 
tract which attaches to the hemisphere base in a triangular 
olfactory trigone 

1 The Olfactory Bulb is an oval laminated structure cm 
bryomcally hollow but solid in the adult 

a The outer layer consists of unmyelinated axons of the 
neurones in the olfactory epithelium 
b The inner layers consist of large mitral cells with 
apical dendnuc glomeruli receiving the olfactory 
axons, of smaller tufted cells also receiving olfactory 
axons, and small short axon granule cells 
c. The medullary substance consists of the axons of 
mitral and tufted cells which enter the olfactory tract 

2 The Olfactory Tract enters the hemisphere at the trigone 
and divides into medial, intermediate, and lateral olfactory 
striae 

B The Basal Olfactory Areas arc secondary olfactory centers re 
caving the olfactory striae 

1 The Medial Olfactory area receives the medial striae and 
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consists of the subcallosal gyrus and the parolfactory area 
(of Broca) 

Z The Intermediate Olfactory area receives the intermediate 
striae and consists of the anterior perforated substance with 
olfactory tubercle, behind which lies the diagonal band (of 
Broca) connecting the subcallosal gyrus with the hippo- 
campal gyrus 

3 The Lateral Olfactory area receives the lateral striae It 
consists of the pyriform area separated from the neopallium 
by the rhinal fissure The pyriform area consists of the thin 
lateral olfactory gyrus which hooks around the lateral fis 
sure as the limen insulae, and the hippocampal gyrus and 
uncus 

C. The Archipalhum consists of several gyn folded in along the 
medial border of the hemisphere, closely associated with which 
is the amygdala nucleus at the base of the striate body 
1 The Hippocampal Gyrus forms the medial basal part of the 
temporal lobe, lying medial to rhinal and collateral fissures 
Posteriorly it is continuous through the fornicate isthmus 
with the angular gyrus Anteriorly it forms the uncus 
hooked around the end of the hippocampal fissure which 
separates it medially from the dentate gyrus 
Z The Dentate Gyrus is a small lobulated band on the medial 
surface of the temporal lobe, in the choroid fissure It is con 
tinuous dorsally around the splemum with the thin supra 
callosal gyrus (indusium gnseum) cohering the corpus cal 
losum and ending in the subcallosal gyrus 
3 The Hippocampus is an internal convolution in the floor 
of the inferior ventricular horn, and lies in the depth of the 
hippocampal fissure Medially it adjoins the dentate gyrus, 
and laterally it continues through the subicttlum into the 
hippocampal gyrus 

D The Archicortex is structurally distinct from the neocortcx Its 
lamination is simpler and the layers arc not comparable to those 
of the neocortex The general cell types, hois ever, are similar 
1 The Plexiform (molecular) layer consists of tangential fibre 
bundles and short a\on cells 

Z The Pyramidal layer consists of several sizes of pyramid 
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cells, with apical dendrite ending m the plenform layer, 
and basal axon entering the medullar) substance. 

3 The Polymorphic las er consists o£ sey eral elements includ- 
ing stellate and Martinotti cells. 

E. Connections. 

1 The Olfactory axons anse from neuro-epithehal cells m the 
nasal epithelium, pass through the cribriform plate into the 
olfactory bulb and synapse with the mitral and tufted cell 
glomeruli 

2. The Mitral and Tufted cell axons form the olfactory tract 
consisting of commissural and projection fibres 

a. The commissural fibres anse from tufted cells and cross 
m the anterior commissure to the opposite olfactory 
bulb 

b. The projection fibres form the medial, intermediate, 
and lateral olfactory stnae 

3 The Medial Area recen es the medial stnae. The parolfac- 
tory area sends fibres oyer the corpus callosum (longi- 
tudinal stnae) to the dentate gvrus The subcallosal gyrus 
sends fibres through the septum pcllucidum and corpus cal 
losum, into the longitudinal stnae to the dentate gyrus 
Fibres pass to the habenular nuclei in the medullary stnae, 
and others pass to the tegmentum 

The Intermediate Area recases the intermediate stnae, and 
sends fibres m the medullary stnae to the habenular nuclei 
Other fibres in the medial forebram bundle reach the hypo- 
thalamus, and tegmentum The angulum is a large band 
of fibres from the antenor perforated substance, through 
the angular gyrus to the dentate gyrus. 

5 The Lateral Area receives the mam lateral olfactory s.riae, 
which end in the lateral olfactory gvrus, the uncus, and the 
hippocampal gyrus These gyn (the pyriform area) are sec 
ondary olfactory centers which send fibres to the hippo- 
campus or projection cortex 

6. The Subiculum and Dentate Gyrus are olfactory assoaa 
tion areas sending fibres to the hippocampus. 

7 The Hippocampus receives fibres from the olfactory reccp- 
ti\e (pynform) and assoaation areas. The pyramidal cells 
send axons to the floo*- of the yentncle, where they fom the 
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alveus or medullary substance The alveus continues into a 
long ridge, the fimbna, which becomes the fornix 
a The projection fibres arise in the hippocampus, and 
course in the fornix around the thalamus, which it 
penetrates behind the anterior commissure to reach the 
medial mammillary nucleus Some fibres pass on to the 
tegmentum 

b The commissural fibres cross in the hippocampal com- 
missure to the opposite hippocampus 
8 The Amygdala is a composite nuclear mass (the archi- 
striatum) at the tip of the inferior ventricular horn It re 
ceives various olfactory neurones The terminal striae (arch 
mg medial to the caudate nucleus) are an efferent tract to 
the hypothalamic region Some cross in the anterior com 
missure 
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Alvr. plate 5 
Alveus 96 
Amygdala 96 
Ansa lenbculans, 75, 82 
Apex 15 

Aqueduct cerebral 45 
Arachnoid membrane 13 26 
Arbor vitae, 59 
4rchiccrebcllum, 63 
Archi cortex 94 
Archipalbum 79, 94 
Archtthalamic nuclei 69 
Area(s) cortical, 85 
olfactory 93 95 
parolfactory 94 
projection 87 
pyriform 94 
striate 87 

Arm(s), cerebellar 61 
collicular (quadrigeminal) 65, 66 
pons 33 

Association column 27 
fibres 21, 92 
path 60 

plate (alar plate) 25 
Astroglia 7 

Autonomic nervous system 1 
Axon 6 
hillock 6 

Bullaxgex lines of 82 
Basal plate 5 
Basis peduncub 31 
B«z pyramidal cells of 83 
Body juxtaresuform 61 
tnammillary 73 74 
Pineal 72 
resnform 41 
trapezoid, 44 
Boutons tcrminaux 10 


Brachium conjunctivum, 43 43, 61 
ponns 61 

quadngemmum inferior 65 
superior 66 

Brain, development 3 4 
divisions 3 4 
stem 2 27 

Brow n Sequard s syndrome 24 

Bundle (see also Fasciculus Tract) 
association (of cerebrum) 92 
central tegmental 37 44 
ground 15 16 
hook (of Russell) 63 
medial forebram 72 95 
medial longitudinal 37, 43, 43 
uncinate, 63, 92 

Capsule 

internal 70 79 91 
pericellular 8 

Caput (of dorsal column), 15 

Cauda equina 13 

Cell (see also Neurone) basket, 60 
of Betz 83 
bipolar, 6 
cortical 82 

Golgi Type I and II 7 
granule, 83 

horizontal of Ca;al S3 
of Martin om 83 
microglia 7 
mitral 93 95 
monopolar 7 
multipolar 7 
obgodendrogha 7 
Purkinje, 59 
pyramidal 82 
spindle 82 
sheath 8 
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Cell (Cont) 
stellate, 83 
tufted, 93 95 
Cell column(s), 14 
of Clarke 15 
intermediolateral 14 
Cerebellum 2 58 
cortex of, 59 
hemispheres of 58 
lobes, 58 59 
localization, 63 
nuclei 60 
peduncles of, 61 
tracts afferent, 61, 62 
efferent, 62, 63 
vermis, 59 

Cerebral aqueduct, 4, 30, 45 
cortex, 82 
areas of 86, 87, 88 
structure, 82 
hemispheres, 76 
peduncle, 31 

Cemx (of dorsal column), 15 
Chiasma optic 71 
Chromatoljsis 10 
Cingulum 93 
Circuit self-excitatory, 10 
Cisterns, 27 
Claustrum 77 
Clava 29 
Colliculus(i), 2 
facial 30 
inferior 65 
superior 66 

Column(s), afferent, 27, 33 39 46, 
55 

association 14 27, 34, 40 46 56 
of Burdach 20 
efferent 33 
of Gal! 20 
gray 32, 54 
dorsal 14 
ventral 14 

motor, 14 27, 33, 45 54 
radial 82 

white, 15, 32 41, 47 


Commissure, anterior, 79 
Gudden s 71 
habenular, 72 
hippocampal 80 
posterior, 72 
ventral white, 15 
Components 
of cortical laminae 83 
cranial nerve 50, 54 
somatic, 16 

spinal nerve, 18, 19 20 
visceral 17 
Corona radiata 92 
Corpus (corpora) callosum (a), 77, 
80, 92 

quadrigemma, 30 47 
restiforme, 61 
striatum, 79 80 
Corpuscle of Meissner, Merkel, 
and Pacmi, 19 
■ Cortex 6 
! cerebellar 59 
cerebral 82 
afferent 87 
association 90 
auditory, 88 
motor, 89 
visual 88 

Crest neural 3 7, 25 
cranial 8 56 
spinal, 8 
Culmcn 58 
Cuneus 77 

Decussation of brachium conjunc 
mum 48, 63 
of medial fillet, 36 
tegmental dorsal, 49 67 
ventral 48 

Degeneration retrograde, 10 
Wallerian, 10 
Dendrites 6 59 60 82, 84 
Diaphragma scllac, 26 
Diencephalon 3 
Diagonal band (of Broca), 94 
Dura mater, 13 26 
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Gyrus (i) (Cont ) 
parietal, 77 
post central, 77, 87 
precentral, 76, 88 
rectus 76 
subcallosal, 77, 94 
supracallosal 77, 94 
temporal, 77 

Hemianopsia 71 
Hemisection 24 
Hcmisperes, cerebellar, 58, 59 
cerebral 3 76 
Hillock, axon 6 
Hilus, of dentate nucleus 61 
of olivary nucleus 35 
Hindbrain 4 
Hippocampus 94 
Histogenesis, 6 
Hypophysis 73 
Hypothalamus, 72 

Indusium griseum 77 
Infundibulum 73 
Insula of Red, 77 

JUXTARESTIFOXM bod), 42 

Lamina(ae), (see also Stratum Plate 
Layer) 
affixa 78 

of cerebral cortex 83 
medullary, of thalamus 68 
terminals 68 73 
Layer(s), of cerebellar cortex 59 
of cerebral cortex, 83 
ependymal 5 
mantle 5 
marginal, 6 

of reuna 71 

of superior colliculus 66 
Lemniscus (see also Fillet ) 
lateral, 36 42 48 69 
medial 42 43, 43 65 
Level integratne 25 
segmental, 25 32 38 45 
suprascgmental 25, 34 40 


Ligament, denticulate, 13 
Light reflex, 67 
Limcn insulae, 94 
Lme(s) of Baillarger, 82 
of Gennari 82 
Lingula (of cerebellum), 58 
Lobe(s), auditory, 65 
cerebellar, 58 
cerebral 76 
olfactory, 76, 79 
Lobulc(s) ansoparamedian, 58 
central 58 
paracentral 77 

simplex, folium, and tuber, 58 
Locus cacrulcus, 30 
Lumbar puncture, 13 

Macula lutea, 70 
Mammillary body, 73, 74 
Massa intermedia 68 
Matter, gray, 6, 14 
white 6 

Medulla oblongata, 28 32 
areas of, 28, 29 
fissures of 28 
internal structure 32 
Medullary sbeath 8 
substance, of cerebellum, 60 
of cerebrum 91 
\clum anterior, 30 
posterior 30 

Membrane, arachnoid 13, 26 
external limiting (pia glial), 7 
Meninges, 13 26 
Mesencephalon 3 
Mctathalamus 3 
Mctcncephlon, 3 
Microglia 7 
Midbrain, 30 45 
Myclencephalon, 3 
Myelin sheath, 8 
Mjdimzation sequence of 9 

Neo-Cerebellum, 64 
Neo-oli ve 35, 62 
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Neopalhum, 79 
Neostriatum, 80 
Neothalamtc nuclei, 69 
Ncrvc(s), abducens, 52 
accessor), 54 
acoustic, 50 53 
components cranial, 50, 54 
spinal, 16 19 
cranial I 27, 50 
facial 52 

glossopharyngeal 53 
hypoglossal, 54 
oculomotor 51 
olfactory, 51 
optic, 51 

pelvic visceral 18 
spinal 1 16 
terminal 51 
trigeminal 52 
trochlear 52 
vagus 53 
visceral, 17 

Nerve cell (sec Cell), 7 
endings types of 19 
fibres (see Fibres) 
trunk 16 

Nervous system, autonomic, I 
central 2 
divisions 1 
peripheral 1 
visceral 2 

Neural crest 3 7 25 
cranial 8 56 
spinal 8 
folds 3 
groove, 3 
plate, 3 
tube 3 4 

Neurilemma sheath, 8 
Neuroblasts 6 8 
Neurofibrils 6 
Neuroglia 7 
Neurone (see also Cell) 
development 6 
theory 10 
Nissl substance 6 


Node of Ranvier 9 
Nodulus 58 

Nudeus(t), abducens, 38 
of accessory nerve, 14, 33 
ambiguus 33 
amygdaloid 96 
arcuate, 35 
of Bechtercvv 40 
caudate 80 81 
of cerebellum 60 
cochlear, 41 57 
cuneate 34 

accessory or lateral, 34 
of Darkschevvitsch, 47 
Dcttcrs 40 
dentate 61 

dorsalis of Clarke, 15, 22 
emboliform 61 
facial 38 
fastigius 60 
geniculate, lateral, 69 
medial 68 
gracilis 34 
habenular 72 
hypoglossal 33 
hypothalamic 73 
of inferior colliculus 65 
intermediate (interpositus), 61 

mterstiual of Cajal, 47 
of lateral lemniscus, 41 
lateral reticular 35 
lentiform, 81 

magnocellular of red nucleus, 47 
occulomotor, 45 
olivary inferior, 35 
superior 41 
of Perlia, 46 
pigmentosis pontis, 41 
ponune 41 
pretectal, 67 
red 47 
rcucular 35 

roof (of cerebellum) 60 
sahvatory, inferior, 33 
superior 39 
of Schwalbe 40 
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Nucleus(t) (Cont) 
solitary 34 
somatic, 4 6 
subthalamic, 74 
supraoptic 7 3 
terminal 39 40 
thalamic 68, 69, 70 
trapezoid 41 

trigeminal, mesencephalic, 39, 46, 
55 

motor, 38 
principal, 40 
spinal 34 40, 56 
trochlear, 45 
vagus dorsal 33 
ventral (ambiguus), 33 
vestibular lateral, 40 
medial 40 
spinal, 40 
superior 40 
visceral efferent, 46 

Olfactory bulb, 93 
lobe, 93 
striae, 93 
tract 93 

Oligodcndrogha, 7 
Olive inferior, 35 
superior, 41 
Opercula, 79 
Optic lobes, 66 
nerve, 71 
tract 71 
vesicle, 3 

Paleocerebellum, 63 
Paleoolne 35, 62 
Paleostriatum 80 
Pallium 79 
Paraflocculus 39 
Parasympathetic division 2 
Pars basilans pontis 38 
Pathway (sec Tract, Fillet Bundle) 
Peduncle, cerebellar 61 
cerebral, 31 
floccular 62 


Perforated substance, 94 
Pia mater 13 26 
Pineal body, 72 

Placodes auditory (otic, dorsolat 
cral) 8 56 

epibranchial (ventrolateral), 8 56 
olfactory 56 

Plate, alar (association), 5 25, 30,45, 
56 

basal (motor), 5, 25, 30, 45 
floor, 5 
neural, 3 

quadrigeminal, 65 
receptor 25 
roof, 5 

Plexus, brachial, 1 
choroid, 30 
lumbosacral, 1 
Polarity, dynamic, 10 
Pons 29, 38 
arm, 42 

Prosencephalon, 3 
Pulvinar, 70 
Purkinje cell, 59 
Putamen, 80 81 
Pyramis 59 

Quadrigeminal arm inferior, 65 
superior, 66 
plate 65 

Ramus commumcans, gray, 1, 2, 17 
white, 1, 2 17 
primary, dorsal 1, 17 
ventral 1, 17 
Recess pineal, 72 
preopne, 73 
Reflex arc, 9 
mtersegmental 25 
intrasegmental 25 
pupillary, 67 
Regeneration 10 
Region (s) cortical 86 
pretectal 67 
Remak s fibres 8 
Resuform body 41 
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Reticular substance 15 32 35, 45 
Retina 70 
Rhincnccphalon 93 
Rhombencephalon 3 
Rhomboid fossa 29 
Roots, afferent or dorsal 1, 12, 16 
accessor) 12 

ascending cochlear 41 61 
trigeminal {mesencephalic), 39 
vestibular, 40 

efferent or ventral 1 12 16 
entrance zone, 20 
lateral 33 
position of 12 
spinal medial division 20 
lateral division, 21 

Svcxal roots, 13 
parasympathetic 2 
Sagittal stratum external 72 
Segment spinal 12 
Segmental level 25 32 38 45 
intersegmental 15 21 
intrasegmental 15 21 
Segmentation 18 
Septum pel lucid urn 7S 
Sheath cells 8 
medullary or m>elin 8 
neurilemma of Schwann 8 
Spinal cord 2 12 
afferent tracts of 21 
columns gray 14 
white 15 

efferent tracts of 23 
nerves 16 
Splemum 78 92 
Spongioblasts 7 
Stimulus 9 

Stratum(a) (see also Layer Lamina) 
external saggital 72 
Stria(ac) medullans aeustica 36 

thalanuc, 72 

olfactory medial 93 94 95 
lateral 93 94 95 
terminal 96 
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Stripe of Bail larger 82 
of Gennari 82 
Subarachnoid space 13, 27 
Subdural space 13 
Subiculum, 94 95 
Substance, medullary 60 91, 93 
reticular 15 32 46 74 
Substantia gelatinosa (of Rolando), 
15 21 34 
nigra 47 82 
Subthalamus 74 
Sulcus (i) (see also Fissure) 
central 76 
of cord, 12 
hypothahnuc 68 
lateral, 76 
hmitans 5 30 
of medulla 28 
postcentral, 77 
precentral 76 

Suprasegmental level IS, 21 25, 34 
40 

Sylvian fissure 76 
Sylvius aqueduct of 45 
Sympathetic system 2 
trunk 17 
Synapse 9 
Syringomyelia 23 

TABts dorsalis, 23 
Tapctum, 92 

Tectum (corpora quadrigemina) , 65 
Tegmentum midbram 30 45 74 
pontine 29, 38 
Telencephalon 3 
Tclodendria 6 
Tcmonum ccrebelli 26 
Thalamus 68 

Tract (see also Bundle Fasciculus) 
afferent to cerebellum 21 35 41 
47 61 

to forebrain 22 23 36 42 47 
to midbrain 22 36 42 47 65 
66 

arcuocerebellar 36 
bulbotectal 42 47 65 66 
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Tract (Corn ) 
of Burdach, 20 
cerebcllo-vestibular, 43 
coruco-arcuate 37 
corucobulbar, 37, 44, 49 
corticoponunc, 9 44 47 
corticorubral 89 91 
corticospinal, 9, 24, 37, 44, 49 
lateral, 24 
v cntral 24 
corticothalamic, 69 
dentate rubrothalamic, 46 63, 75 
dorsolateral (of Lissauer) 21 
efferent from cerebellum, 24, 36, 
43 48 62 

from forebrain 24, 37, 44 49 
from midbrain, 24, 37, 44, 49 
65 67 

fastigiobulbar, 63 
of Gall 20 
geniculo-calcarine, 72 
of Gowers 23 
habcnulopcduncular, 47 
of Lissauer 21 
mammillothalamic 69 
medial longitudinal, 37, 43, 48 
olfactory 93 
olivocerebellar, 35 62 
optic, 71 

pontocerebellar 62 
precentroponune, 49 91 
prefrontopontine, 49 91 
rcuculocercbellar, 36 62 
reticulospinal 24 37 48 
rctmogenuculate 71 
rubro-occulomotor 47 
rubrospinal 24 37 43 
solitanothalamic 36 
spinocerebellar, dorsal, 22, 35 62 


Tract (Cont ) 

ventral, 22 36, 42 61 
spinotectal 22, 42 47, 65 66 
spinothalamic, lateral 23, 36, 42, 48 
ventral 23, 36, 42, 48 
tectobulbar, 34 44, 49, 65 67 
geniculate 65 
spinal 23 34, 44 49 65, 67 
temporopontine 49 92 
thalamo-olivary, 37, 44, 49 
trigeminothalamic, 36 48 
dorsal 48 
ventral 36 48 
vestibulocerebellar, 61 
vestibulofastigial, 61 
vestibulospinal lateral, 24, 37, 44 
ventral, 24, 44 
Trapezoid body, 44 
Trunks sympathetic, 17 
Tube, neural 3 
Tuber, 58 

Tuber cmcrcum 73 

Uncinate bundle, 93 
of Russell, 63 
Uncus 76 
Uvula, 59 

Vasodilators, 20 
Velum, medullary anterior, 30 
posterior 30 
Ventricle fourth, 30 
lateral 78 
third 68 
Vermis, 59 
Visual system 70 

Zova inccrta, 74 
Zone root entrance 20 
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